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LETTER  OF  TRANSMITTAL 

To  His  Exccllencij 

The  Honorable  Earl  Warren 

Governor  of  the  State  of  California 

Sir:  I  have  the  honor  to  transmit  herewith  Bulletin  164,  Geology  of 
Eel  River  Valley  Area,  Humholdt  County,  California,  prepared  under 
the  direction  of  Olaf  P.  Jenkins,  Chief  of  the  Division  of  Mines,  Depart- 
ment of  Natural  Resources.  The  report  is  accompanied  by  a  detailed 
geologic  map  covering  the  Fernclale  and  Fortuna  quadrangles  and  the 
northern  part  of  the  Scotia  quadrangle,  scale  1  :  62,500.  The  author,  Bur- 
dette  Ogle,  mapped  the  geology  of  the  area  and  prepared  the  report  in 
fulfillment  of  the  requirements  for  the  Doctorate  at  the  University  of 
California. 

The  area  covers  that  part  of  the  Eel  River  Basin  in  northwestern  Cali- 
fornia where  much  interest  is  now  being  centered  on  the  economic  devel- 
opment of  oil  and  gas  resources.  Other  mineral  materials  of  economic 
concern  in  the  area  are  limestone,  sand  and  gravel,  crushed  rock,  volcanic 
ash,  lignite,  hematite,  and  water  resources. 

This  report  represents  the  results  of  basic  geologic  studies  which  should 
be  of  value  to  all  manner  of  interests  in  natural  resources. 

Respectfully  submitted, 

Warren  T.  Hannum,  Director 

Department  of  Natural  Resources 
July  28,  1953 
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GEOLOGY  OF  EEL  RIVER  VALLEY  AREA 
HUMBOLDT  COUNTY,  CALIFORNIA 

By  Burdette  A.   Ogle  * 

ABSTRACT 

The  Eel  River  Valley  area  is  in  Hiimholdt  County,  in  northwestern  California. 
The  oldest  forniational  unit  is  the  Franciscan  formation  (Upper  Jurassic),  which 
consists  of  graywacke  and  shale,  and  a  minor  amount  of  greenstone-basalt,  chert, 
and  glaucophane  schist.  The  Franciscan  is  in  fault  contact  with  the  Yager  formation 
(Upper  Jurassic-Cretaceous?)  which  unconformably  overlies  it.  Well-indurated  dark- 
gray  mudstone,  shale,  and  biotite-rich  graywacke  are  the  principal  rock  types  of  the 
Yager  formation.  A  strong  angular  unconformity  separates  the  Y'ager  and  Fran- 
ciscan from  the  Wildcat  group.  Clastic  sediments  of  the  Wildcat  are  more  than  12,000 
feet  thick  in  the  Eel  River-Van  Duzen  River  area.  In  the  Ferndale  Hills,  on  the 
south  side  of  the  Cenozoic  basin,  the  Wildcat  group  can  be  subdivided  into  five  forma- 
tional  units:  Pullen  formation  (Mohnian  to  lower  Pliocene)  ;  Eel  River  formation 
(lower  Pliocene),  Rio  Dell  formation  (middle  to  upper  Pliocene),  Scotia  Bluffs 
sandstone  (upper  Pliocene),  and  Carlotta  formation  (upper  Pliocene  to  lower  Pleis- 
tocene). Northeast  of  Fortuna  these  formations  cannot  be  differentiated.  Thinning  of 
forniational  units,  facies  variations,  minor  unconformities,  and  overlap  result  in 
rapid  changes  in  thickness  and  character  of  the  sediments.  Sedimentary  features  and 
an  abundant  fauna  (foraminifera  and  megafossils)  indicate:  (1)  a  transgression  of 
the  upper  Miocene  .sea,  (2)  minor  fluctuations  during  the  Pliocene,  and  (3)  regres- 
sion during  the  upper  Pliocene,  followed  by  deposition  of  coarse  nonmarine  elastics 
during  the  lower  Pleistocene.  A  major  orogeny  followed  the  deposition  of  the  Wildcat 
group.  The  Hookton  formation  (middle  to  upper  Pleistcene),  was  deposited  on  the 
eroded  surface  of  the  Wildcat  formation.  The  Hookton  and  younger  terrace  sediments 
have  been  gently  folded  and  uplifted. 

In  the  southern  part  of  the  area,  the  False  Cape  shear  zone  has  been  mapped.  It 
contains  pulverized  pelitic  material,  sandstone  lenticles,  and  a  few  pods  of  basalt, 
limestone,  and  chert,  which  range  in  age  from  Jurassic  to  Pliocene. 

Structures  in  the  Yager  sediments  generally  controlled  the  later  structures  in  the 
Wildcat  group,  and  these  in  turn  controlled  the  post-Hookton-formation  folds.  The 
principal  fold  of  the  region  is  the  east-striking  Eel  River  syncline  ;  smaller  anticlines 
are  present  to  the  north  and  south,  and  the  Yager-Little  Salmon  fault  truncates  these 
structures  to  the  east.  Pre-Wildcat-group  faults  to  the  northeast  and  south  of  the  Eel 
River  basin  probably  aided  in  the  development  of  a  depositional  trough. 

One  small  gas  field  (Tompkins  Hill)  has  been  discovered,  and  several  structures 
remain  to  be  tested  for  petroleum. 

INTRODUCTION 

The  Eel  River  Valley  area  is  in  Humboldt  County  in  the  northwestern 
part  of  California.  Mapping-  for  this  report  was  confined  principally  to 
the  Ferndale  and  Fortnna  quadrangles,  and  to  part  of  the  Scotia  quad- 
rangle ;  but  considerable  reconnaissance  mapping,  not  included  herein, 
has  been  done  in  adjacent  parts  of  Humboldt  County.  The  southern 
boundary  of  the  Fortuna  quadrangle  is  approximately  250  miles  north 
of  San  Francisco  by  U.  S.  Highway  101,  and  the  northern  boundary  is 
4  miles  south  of  Eureka. 

The  United  States  Geologrical  Survey  Fortuna  and  Ferndale  topo- 
graphic maps  (edition  of  1944  and  1943,  scale,  1 :  62500)  and  a  prelimi- 
nary blue-line  print  of  the  Scotia  quadrangle  were  used  as  base  maps ; 
aerial  photographs  were  also  used.  The  writer  spent  approximately  9 
months  mapping  in  the  area  during  the  summers  of  1948,  1949,  and 
1950,  and  about  a  year  in  accumulating  data,  doing  laboratory  studies, 
and  writing  the  report. 

*  ConsuUing:  greologist,  William  Ross  Cabeen  and  Associates,  North  Hollywood,  Cali- 
fornia. Manuscript  submitted  for  publication  January  195.3  ;  condensation  of  a 
thesis  prepared  in  partial  fulfillment  of  the  requirements  for  the  Ph.D.  degree,  Uni- 
versity of  California,  Berkeley. 
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Figure  1.  Index  map  of  part  of  northern  California  showing  location  of  the  Eel  River 
Valley  area  described  in  this  report  (heavy  line  pattern),  and  also  of  the  Blue  Lake 
quadrang^le  (stippled)  recently  published  as  a  geologic  map  by  the  Division  of  Mines. 

Purpose  of  the  Investigation.  One  purpose  oi  the  study  was  to  de- 
termine the  possibility  of  petroleum  production  from  the  thick  Tertiary 
sediments  of  the  Eel  River  basin.  The  stratigraphy,  sediments,  and  some 
of  the  structures  bear  a  striking  resemblance  to  the  productive  Ventura 
and  Los  Angeles  basins,  yet  only  a  few  oil  showings  and  one  gas  field 
have  been  discovered.  Another  aim  was  the  investigation  of  Tertiary 
sedimentation,  paleontology,  stratigraphy,  and  structure.  Because  of 
the  lack  of  information  about  this  part  of  California,  considerable  recon- 
naissance was  done  to  obtain  a  regional  background  for  the  specific 
study,  and  to  gain  some  general  knowledge  of  the  distribution  of  the 
formations. 

Acknoivl ed g Hi ents .  The  list  of  those  who  have  contributed  informa- 
tion, aid  and  helpful  advice  is  long.  Landowners  in  the  area  have  always 
been  agreeable  and  helpful.  The  lumber  companies,  especially  Pacific 
Lumber  Company,  Hammond  Lumber  Company,  Dolbeer-Carson  Lum- 
ber Company,  and  Holmes-Eureka  Tjuraber  Company,  have  been  of  in- 
estimable aid.  Among  those  who  hav(>  contributed  well  data  and  other 
information  are  Mrs.  Margaret  Moore  Hughes,  who,  in  her  contribution, 
drew  to  some  extent  from  material  assembled  by  her  late  husband,  Don- 
ald Hughes;  The  Texas  Company;  James  Dougherty  (water-well 
driller);  Golden  State  Company ;  Hampton  Smith  ;  V.  L*  Vanderlloof ; 
Oscar  Fowler;  Harry  MacGinitie;  H.  ^Y.  Horton ;  and  Thomas  W. 
Dibblee,  Jr. ;  J.  Wyatt  Durham  determined  tlie  invertebrate  megafossils, 
and  L.  G.  Hertlein  cliecked  the  mogafo.ssil  list;  D.  T.  Axelrod  identified 
some  fossil  leaves,  and  H.  L.  Mason  identified  some  fossil  seeds.  Members 
of  the  Union  Oil  Company  l^ih'ontology  Tiaboratory,  Dominguez.  Cali- 
fornia (principally  Douglas  Crawford  and  Brad  Jones)  determined  the 
foraminifera,  and  C.  C.  Church  checked  the  foraminifera  list.  Charles 
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Gilbert  accompanied  the  writer  in  the  field  and  offered  helpful  sug- 
gestions, as  did  Francis  C.  Turner  and  Colin  Button.  N.  L.  Taliaferro 
supervised  the  problem  and  supplied  valuable  information  on  several 
occasions.  Robert  Kleinpell  and  V.  S.  Mallory  offered  suggestions  on 
stratigraphy  and  foraminiferal  data.  Miss  Helen  Bailey,  librarian  of 
the  Geology  Department,  University  of  California,  helped  prepare  the 
bibliography,  and  Mrs.  Lorraine  Ogle,  who  has  been  a  constant  source 
of  encouragement,  helped  the  writer  measure  some  sections,  and  aided 
in  the  preparation  of  some  plates. 

GEOGRAPHY 

Accessibility.  All  parts  of  the  Ferndale  quadrangle  are  readily 
accessible,  except  the  Guthrie  Creek  basin.  Of  several  good  roads 
which  cut  across  the  general  strike  of  the  Tertiary  formations,  the 
best  is  Wildcat  Road.  U.  S.  Highway  101  crosses  the  Fortuna  quad- 
rangle from  south  to  north,  but  it  follows  the  low  country,  which  offers 
few  exposures.  State  Highway  36  extends  from  Alton  eastward  along 
the  Van  Duzen  River  and  eventually  reaches  Red  Bluff  in  the  Sacra- 
mento Valley.  The  western  and  southern  parts  of  the  Eel  River  area 
have  numerous  county  roads  and  many  logging  roads  in  various  states 
of  repair;  but  the  eastern  and  northeastern  parts  are  almost  inacces- 
sible. A  few  logging  roads  and  logging  railroads  furnish  access  and 
some  exposures,  but  most  of  the  region  is  covered  by  a  dense  growth 
of  virgin  .redwood  or  second-growth  redwood  forest. 

Climate.  Climate  of  the  northern  California  coastal  region  is  humid 
and  cool.  Rainfall  is  heavy  and  occurs  mostly  during  the  winter  months. 
Many  of  the  winter  rains  are  torrential ;  as  much  as  4  inches  in  24  hours 
has  often  been  recorded.  This  causes  occasional  floods  in  the  lower 
reaches  of  the  Eel  and  Van  Duzen  Rivers,  and  leads  to  rapid  erosion 
in  the  numerous  small  streams.  Persistent  and  heavy  fogs  blanket  the 
lowlands  for  at  least  part  of  the  usual  summer  day,  and  overcast 
skies,  drizzles,  and  mists  are  common. 

Vegetation.  Originally,  most  of  the  Eel  River  region  was  heavily 
wooded.  Since  the  1850s,  however,  the  inhabitants  have  cleared  most 
of  the  usable  agricultural  land  in  the  lowland  areas.  Thus  today  the 
valleys  of  Eel  River,  Elk  River,  Salmon  Creek,  and  Van  Duzen  River 
are  principally  open  farm  land.  Many  of  the  terrace  surfaces  are  grass- 
land used  for  grazing.  But,  aside  from  these  open  areas,  the  region 
mapped  is  covered  by  forests  or  brush,  except  for  occasional  natural- 
grass  openings  and  man-made  clearings.  Redwood  forests,  either  virgin 
or  second  growth,  cover  all  of  the  upland  area  northeast  of  the  Little 
Salmon  Creek  fault,  as  well  as  the  area  east  of  Price  Creek  and  south  of 
the  Van  Duzen  River. 

Two  strikingly  different  floras  occur,  one  consisting  predominantly 
of  fir  and  spruce,  the  otlier  principally  of  the  redwood  Sequoia  semper- 
virens.  The  redwood  flora  has  its  southwest  limit  along  the  ridge  east 
of  Price  Creek  in  the  southwest  part  of  Fortuna  quadrangle.  From 
this  area  it  extends  south,  north,  and  east,  covering  valleys  and  ridges 
alike  throughout  the  northeastern  part  of  the  Fortuna  quadrangle; 
but  it  extends  only  3  miles  east  of  the  eastern  boundary  of  the  quad- 
rangle, except  along  the  Van  Duzen  River.  Beneath  the  redwoods  is  a 
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CRESCENT^ 


Figure  2.     Map  showing:  distribution  of  rainfall  in  1944  in  inches,  northern  California 
coastal  region.  From  U.  S.  Weather  Bureau  Monthly  Bulletin,  Climatolosioal  Data. 
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constant  dense  shade,  which  keeps  the  ground  moist.  Scattered  among 
the  redwoods  are  maclrones,  tan  oaks,  and  a  varied  low  cover.  The  low 
vegetation  is  generally  most  dense  and  luxuriant  on  the  southern  slopes 
where  more  sunlight  filters  down  to  it.  Sword  ferns,  salal,  huckleberry, 
and  young  tan  oak  "brush"  are  common  in  most  areas,  and  along 
streams  alders,  willows,  thimbleberry,  salmon  berry,  and  nettles  form 
an  impenetrable  thicket.  The  ground  is  commonly  covered  with  a  carpet 
of  leaves,  leaf  mold,  moss,  and  small  shade-loving  plants.  By  contrast, 
in  the  second-growth  areas,  the  vegetation  depends  on  the  severity  of 
the  burning  that  follow^s  logging  operations,  on  the  method  of  logging, 
and  on  the  lapse  of  time  since  the  last  logging.  Usually  the  redwood 
stumps  begin  to  sprout  young  trees  within  the  first  year  after  burning. 
If  seed  trees  are  left,  some  redwood  and  firs  begin  to  grow  from  seed 
the  first  several  years.  Often  rapid-growing  shrubs  and  trees  such  as 
Ceanothiis  veliiiinus,  tan  oak,  manzanita,  huckleberry,  thimbleberry,  and 
blackberry  spring  up  and  at  first  clog  the  landscape.  They  act  as  shade 
for  the  young  evergreens  and  cause  them  to  shoot  skyward  more  rapidly. 
The  struggle  for  occupancy  of  cut-over  areas  leads  to  a  jungle  of  vege- 
tation which  is  often  more  difficult  to  penetrate  than  the  virgin  forests. 

The  coastal  flora  covers  the  area  west  of  Price  Creek,  and  part  of 
Table  Bluff  and  Humboldt  Hill.  Many  of  the  fir  and  spruce  trees  have 
been  cut  or  burned  in  part  of  the  area.  On  the  coastal  slopes  dense  brush 
covers  some  of  the  hillsides,  and  thimbleberry  and  salmonberry,  normally 
confined  to  creeks,  groAV  as  tliickets  on  the  open  hillside.  Willows  are  com- 
mon along  the  rivers,  and  California  laurel  and  maple  are  numerous. 
Poison  oak  and  nettles  are  abundant  and  annoying. 

Vegetation  generally  grows  with  equal  success  on  the  various  types 
of  rocks  in  the  area.  Moisture  is  abundant  and  the  regolith  is  deep  so 
that,  with  a  few  exceptions  the  forests  seem  to  grow  as  well  on  Fran- 
ciscan schist  as  on  Eecent  alluvium.  However,  some  of  the  slumpy  mud- 
stone  areas  support  only  grass,  probably  because  larger  plants  cannot 
become  properly  rooted.  Although  a  few  natural  openings  occur  on  the 
Yager  shales  in  the  eastern  part  of  the  Fortuna  quadrangle,  none  exist 
on  the  Wildcat  in  that  region.  Some  areas  of  the  Hookton  formation 
and  later  terrace  deposits  support  little  but  annual  grasses. 

Tlie  abundant  vegetation  plays  an  important  role  in  supplying  organic 
acids  which  aid  in  the  rapid  chemical  decomposition  of  the  surface  rocks. 
Podsolization  in  moist-temperate  regions  is  most  effectively  carried  out 
in  conifer  forests  (Riecke,  1950).  The  myriad  root  systems  also  aid  in 
tlie  physical  disintegration  of  the  rocks  and  increase  porosity,  thus 
allowing  deeper  penetration  of  organic  acids.  Some  fresh  road  cuts  in 
the  redwood  forests  have  exposed  sections  20  feet  deep  in  foraminifera- 
bearing  Pliocene  siltstone  in  which  all  calcareous  tests  within  10  feet  of 
the  surface  have  been  completely  destroyed. 

Topofiraphy.  Approximately  one-fifth  of  the  mapped  area  is  oceu- 
l>ied  by  nearly  flat  alluviated  valleys  and  tidal  plains  at  or  near  sea 
level.  The  principal  streams  which  have  developed  valley-plains  near 
their  mouths  are  the  Eel  River,  the  Van  Duzen  River,  Salmon  Creek, 
and  Elk  River.  Most  of  the  regions  mapped  as  the  Hookton  formation 
and  later  terrace  deposits  are  gently  sloping  plane  surfaces  100  to  750 
feet  in  elevation, 
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The  remainder  of  the  area  is  mountainous.  South  of  Eel  River  valley 
the  Ferndale  Hills  rise  in  a  succession  of  sliarp  ridgres  to  the  highest 
points  along  Bear  River  Ridge.  The  highest  elevation  shown  on  the  map 
is  2,350  feet  at  the  extreme  southern  edge  of  the  Ferndale  quadrangle. 
Many  of  the  ridge  crests  are  nearly  level  or  gently  sloping;  but  the 
slopes  of  the  ridges  are  moderatelj-  steep,  and  some  of  them,  lilce  those 
cut  in  the  Scotia  Bluffs  sandstone  and  Carlotta  conglomerate,  are 
precipitous. 

The  coastline  south  of  Centerville  Beach  is  a  rugged  combination  of 
wave-cut  cliffs,  landslide  scars,  and  small  insequent  streams.  Waves  are 
consistently  nndei-mining  the  relatively  weak  sediments,  cutting  near- 
vertical  cliffs  or  causing  slides ;  therefore  exposures  change  considerably 
from  year  to  year. 

The  mountains  in  the  northern  and  eastern  part  of  Fortuna  quad- 
rangle have  no  formal  name,  but  may  conveniently  be  called  the  Fortuna 
Hills.  Their  topography  is  generally  similar  to  that  of  the  Ferndale  Hills. 

STRATIGRAPHY 

Formational  units  mapped  include  rocks  ranging  in  age  from  Upper 
Jurassic  to  Quaternary.  The  oldest  is  the  Franciscan  formation  (Upper 
Jurassic).  In  the  southern  part  of  the  Ferndale  quadrangle  a  group  of 
sheared  rocks,  consisting  predominantly  of  Franciscan  rock  t^'pes,  has 
been  mapped  as  the  False  Cape  shear  zone.  In  fault  contact  with  the 
Franciscan  and  False  Cape  shear-zone  rocks  are  sediments  of  the  Yager 
formation  (new  name),  which  may  range  from  Upper  Jurassic  to  Creta- 
ceous. Overl;\ang  all  these  units  are  the  sediments  of  the  Wildcat  group, 
the  members  of  which  range  in  age  from  upper  Miocene  (Mohnian)  to 
lower  Pleistocene.  The  Wildcat  group  is  divisible  in  the  Eel  River  area 
into  five  formational  units:  the  Pullen  (new  name),  Eel  River  (new 
name),  Rio  Dell  (new  name),  Scotia  Bluffs,  and  Carlotta  (new  name). 

Continental  sediments  of  Pleistocene  age  have  been  mapped  as  the 
Ilookton  formation  (new  name),  the  Rohnerville  formation  (new 
name),  and  terrace  deposits.  Recent  stream-terrace  deposits  have  been 
differentiated  to  indicate  the  number  of  stages;  alluvium  and  younger 
stream  gravels  also  have  been  mapped. 

Franciscan  Formation 

Although  an  area  of  about  5  square  miles  in  the  northeastern  part  of 
the  Fortuna  quadrangle  is  the  only  Franciscan  in  the  area  mapped, 
Franciscan  rocks  form  a  large  northwest-trending  belt  extending  at 
least  20  miles  in  a  northwesterly  direction  to  the  coast;  over  100  miles 
in  a  southeasterly  direction;  and  at  least  To  miles  in  a  northeasterly 
direction.  A  description  of  the  contiguous  part  of  this  belt  outcropping 
in  the  Blue  Lake  quadrangle  has  alreadv  been  given  bv  Manning  and 
Ogle  (1950).   • 

The  classic  Franciscan-Knoxville  Prohlem  (Taliaferro.  1948b)  is  the 
most  comprehensive,  up-to-date  account  of  Franciscan  and  Knoxville 
rocks  in  California,  and  contains  an  excellent  bibliography.  Earlier  de- 
s(a-iptions  of  the  lithology  of  the  Franciseau  include  the  papers  on  chert 
by  Davis  (1918a)  and  Taliaferro  (1933).  and  the  one  on  sandstone  bv 
Davis  (191S). 

TAtholoqy.  Tu  the  Eel  River  area  the  Franciscan  consists  principally 
of  massive  graywaeke,  and  a  minor  amount  of  platy,  dark-gray  shale. 


1953 


STRATIGRAPHY 


13 
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DESCRIPTION 


sand,  gravel 


Massive,  non-marine  conglomerate, 
sandstone,  carbonaceous  clayBtone; 
some  marine  lensee. 


Massive,  fine-grained  sandstone  with 
mudstone  members  In  lower  part; 
Anorthoscutum  oregonense.  Fee ten  caur 


In  Ferndale  quad,  divided  Intoiupper  member- 

mudstone)  middle  member-alternating  sand- 
stones and  mudstones;  lower  member-mud- 
stone  with  sandstones.   Units  not  disting- 
uished to  east  where  there  is  more  very 
fine-grained  sandstone  in  the  upper  part. 
Abundant  molluscs-P.  caurinus,  Pico  forams 


WILDCAT  undifferentiated:  siltptone,  , 
nudstone,  minor  sandstone,  UOO  -  6000 


Tough,  massive  mudstone  and  gla 
sandstone;  Repetto  foraminifera 


Diatomaceous  mudstone;  basal  sandstone  in 
east:  Mohnian  to  Repetto  foraminiferft 


Dark  gray  to  olive-gray  shale,  indurated 
mudstone,  and  slltstone  Interbedded 
with  biotitlc  graywacke  and  conglomerate. 
Bathyslphon  camnon,  other  organisms  rare. 


Graywacke,  chert,  basalt-greenstone, 
glaucophane  schist,  shale  and  llmeston 


false  cape 
Shear  zone 


Sheared,  pulverized  shale  and  streaked- 
out  lenses  of  sandstones,  chert,  basalt, 
and  limestone.   Largely  Jf  and  Jky. 
Some  Wildcat  material. 


Figure  3.     Generalized  columnar  section,  Eel  River  Valley  area. 

red,  thin-bedded  chert,  dark-green  greenstone-basalt,  and  glaucophane 
schist. 

Graywacke,  as  defined  by  Pettijohn  (1949),  is  the  principal  rock  type 
and  makes  np  perhaps  75  percent  of  the  Franciscan  outcrops  in  the 
mapped  area.  Most  of  it  is  massive,  bnt  some  thin  shales  are  interbedded 
with  it.  When  fresh,  as  in  some  recently  cut  stream  canyons,  the  gray- 
wacke is  dark  gray  or  gray  green,  Iiard,  tongli,  and  whei'e  waterworn 
characteristically  forms  smooth,  rounded,  massive  boulders.  On  upland 
slopes  it  weathers  locally  to  a  dirty  green-broAvn  rock  of  varying  hard- 
ness and  resistance. 

Hand  specimens  of  Franciscan  graywacke  sliow  angular  to  sub-^ 
angular  poorly  sorted  grains  of  feldspar,  quartz,  biotite,  and  rock  frag- 
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meuts  (chert,  volcanic  rocks,  quartzite,  slate,  mica  schist)  bouuded  by 
greenish-gray  argillaceous  material  that  is  crystallizing  to  chlorite, 
epidote,  sericite,  and  other  silicates.  Some  distorted  grains  of  pearly 
■svhite  muscovite  (Crittenden.  1949)  contribute  to  the  overall  igneous 
appearance  of  the  graywacke.  Some  graywacke,  in  fact,  is  tuffaceous 
and  may,  in  places,  grade  into  altered  tuff  (Ogle,  1947). 

Microscopic  examination  of  tlie  graywacke  shows  the  feldspar  grains 
to  be  chiefly  oligoclase-andesine ;  heavy  minerals  separated  from  the 
rock  were  hornblende  and  epidote,  and  some  zoisite  and  clinozoisite. 
sphene,  zircon,  apatite,  tourmaline  and  brookite;  the  effects  of  rotation 
and  shifting  of  angular  grains  under  pressure  are  seen  in  thin  sections 
as  a  dense  packing  of  grains  separated  by  thin  cement  films. 

Composition  of  two  samples  of  grayuacke. 
Fine  rock  Shale 

Sample                fragments    Feldspar    Quartz  chips        Minor    Carbonate     Matrix 

80-Sl   27  23  24  1  2  _^  23 

80-S2   52  21  11  __  __  8  8 

Some  fresh  graywacke  has  been  brecciated  into  fragments  which  range 
from  a  quarter  of  an  inch  to  6  inches  in  length,  and  then  cemented  by 
similar  sandstone  or  limy  or  siliceous  cement.  Commonl}',  no  extraneous 
fragments  are  mixed  with  the  brecciated  rock.  A  possible  explanation  of 
the  origin  of  the  rock  may  be  that  during  deposition,  consolidated  Fran- 
ciscan sandstone  was  fractured  and  rebonded  by  continued  deposition 
of  similar  sand. 

Although  graywacke  makes  up  most  of  the  sediments  of  the  Fran- 
ciscan of  this  area,  a  few  conglomerate  beds  were  observed.  Some  out- 
crops of  graywacke  contained  abundant  shale  chips.  Shale  and  siltstone 
are  apparently  lacking,  except  for  thin  interbeds  in  the  graywacke.  In 
the  few  exposures  studied,  the  fresh  shale  is  dark  gray-black,  thin- 
bedded,  slightly  platy,  hard,  and  brittle.  Upon  slight  weathering,  it  be- 
comes olive-gray  to  greenish  or  drab.  Tiny  disseminated  mica  flakes 
may  give  a  slight  sheen  to  the  surface.  The  weathered  shale  closely  re- 
sembles that  of  the  Yager  formation.  Fractures  and  bedding  planes 
are  stained  by  iron  and  manganese.  Only  one  exposure  of  cliert  was 
found,  and  tliat  was  in  NE^  sec.  24,  T.  4  N.,  R.  1  E.,  H.  The  outcrop  con- 
sists of  about  200  feet  of  thin-bedded  maroon  chert  and  clay  shale  and 
pale-green  non-radiolarian  interbedded  chert.  The  beds  are  slightly 
contorted,  but  in  general  dip  steeply  to  the  east. 

Few  volcanic  rocks  were  seen.  One  rather  extensive  outcrop  was  ob- 
served in  the  southeast  part  of  tlie  Franciscan  exposed  in  the  Fortuna 
quadrangle;  another  small  mass  has  been  quarried  for  road  metal  in 
the  northeast  corner  of  sec.  12,  T.  4  N.,'R.  1  E.,  H. ;  and  a  large  knob  of 
metavolcanic  rocks  has  been  cut  through  by  the  logging  railroad  just 
east  of  the  Yager-Franciscan  contact  in  sec.  14,  T.  4  N.,  R.  1  E.,  II.  All 
of  these  are  dark  green  rocks,  much  fractured  and  veined  with  calcite; 
they  are  mapped  as  Franciscan  basalt.  Contact  relations  between  these 
and  other  rocks  are  not  clear,  but  the  first  outcrop  mentioned  may  be 
a  flow,  whereas  the  other  two  appear  to  be  intrusions. 

None  of  the  diabase,  diorite-gabbro,  peridotite,  or  serpentine  so  com- 
mon in  Franciscan  terranes  has  been  found  within  the  confines  of  the 
Fortuna  quadrangle,  but  all  occur  in  the  Franciscan  belt  of  which  this 
is  a  part.  Several  are  described  from  the  Blue  Lake  quadrangle.  On  Chalk 
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Ridge  are  several  dioritic  intrusions,  serpentine,  and  one  white  granitic 
intrusive  knovi^n  as  "Chalk  Rock."  Bear  Buttes,  northwest  of  Garber- 
ville,  is  a  large,  intrusive  complex  of  diorite-grabbro-diabase. 

A  few  small  exposures  of  schists  in  place  were  seen  in  the  Fortuna 
quadrangle — a  fact  which  has  important  bearing  in  consideration  of 
the  schist  boulders  at  the  base  of  the  Pliocene,  as  well  as  those  scattered 
widely  over  the  surface  of  the  Franciscan  in  this  area.  One  small  area 
of  micaceous  glaucophane-lawsonite  schist  was  mapped  in  the  NW^ 
SWi  sec.  12,  T.  4  N.,  R.  1  E.,  H.  This  schist  has  schistosity  and  foliation, 
and  locally  is  highly  contorted,  with  numerous  folds  and  crenulations. 

A  thin  band  of  glaucophane-chlorite  schist  is  exposed  along  a  shear 
zone  in  a  greenstone  mass  outcropping  in  sec.  12,  T.  4  N.,  R.  1  E.,  H. 
Because  of  the  crenulated  nature  of  these  rocks  and  evidences  of  para- 
tectonic  growth  of  the  glaucophane.  it  is  suggested  that  some  structural 
forces  may  have  been  active  during  the  formation  of  the  metamorphic 
minerals.  No  intrusives  are  adjacent  to  the  metamorphics.  If  the  local 
pneumatolytic  origin  described  by  Taliaferro  (1943b)  is  responsible, 
parent  fluid  sources  must  be  inferred  to  be  present  at  depth.*  Briggs 
(1950,  pp.  37-38)  has  recently  called  attention  to  the  paratectonic  de- 
velopment of  glaucophane  in  Franciscan  schists  formed  by  dislocation 
metamorphism  adjacent  to  the  Ortigalita-Tesla  thrust  zone  in  the  Diablo 
Range  in  central  California. 

Numerous  accumulations  of  angular  or  rounded  fragments  of  the  more 
resistant  types  of  Franciscan  rocks  (glaucophane  schist,  greenstone, 
chert,  serpentine)  occur  on  the  upland  surfaces  and  along  rivers  and 
creeks.  Mass  wastage,  great  ancient  slides,  and  the  relative  resistance 
of  these  rocks  must  account  for  their  erratic  position. 

Sfratigraphic  Relatio7is.  The  Franciscan  in  the  Fortuna  quadrangle 
is  in  fault  contact  with  the  Yager  formation  and  is  overlain  uncon- 
formably  by  the  Wildcat  group  (undifferentiated).  The  Freshwater 
fault,  which  serves  as  the  contact  between  Franciscan  and  Yager  rocks, 
is  an  indefinite,  partly  inferred  fault  mapped  in  reconnaissance  as  a 
nearly  straight  line  for  at  least  40  miles  southeastward  to  a  point  near 
Phillipsville.  Dibblee  (oral  communication,  1950)  reports  that  west  of 
Phillipsville,  near  Salmon  Creek,  the  Yager  formation,  which  he  calls 
Knoxville,  overlies  the  Franciscan  on  either  a  gradational  depositional 
contact,  or  a  locally  unconformable  contact.  Weathered  shale  and  sand- 
stone of  the  Franciscan  formation  resemble  those  of  the  Yager  formation. 
In  gross  percentages,  there  is  usually  more  shale  in  the  Yager  and  more 
sandstone  in  the  Franciscan.  The  Franciscan  rocks  are  normally  more 
fractured,  harder,  more  sheared  and  have  more  massive  sandstone.  In  the 
large  area  mapped  as  Yager  formation,  none  of  the  typical  Franciscan 
rocks  (glaucophane  schist,  red  chert,  greenstone  basalt)  have  been  found. 

Fauna.  No  fossils  were  found  in  the  Franciscan  of  this  area,  but  in 
1946  H.  D.  MacGinitie  found  some  fossils  in  a  lithologically  similar  belt 
of  Franciscan  near  Trinidad,  about  35  miles  northwest  of  the  Fortuna 
quadrangle.  Tliese  were  obtained  by  the  writer  (Ogle,  1947)  and  were 
later  studied  and  described  by  Angel  and  Conrey  (1948,  p.  5,  and  plates), 

*  A  more  complete  discussion  of  the  Franciscan  metamorphics  is  given  in  tlie  author's 
ynpul)lished  doctor's  thesis  (Ogle,  1951). 
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who  identified  two  Biichia  (Ancella)  in  a  dark-gray  massive  limestone, 
and  stated 

Both  of  these  forms  are  bulbous  and  heavy-ribbed  and  seem  to  have  more 
affinities  to  the  Cretaceous  Ihichia  than  to  those  of  the  Jurassic.  The  smaller  of 
the  two  forms  has  been  tentatively  identified  as  Buchia  occidentalis  (Anderson). 
F.  M.  Anderson  (1945)  states  that  [a  specimen  of  J  this  form  was  found  in  Upper 
Jurassic  beds.  It  is  possible  that  these  Buchia  may  be  the  forerunners  of  the  later 
bull)Ous  forms  of  the  Cretaceous. 

The  larger  Buchia  was  listed  as  Buchia  sp.  The  writer  knows  of  no  other 
megafossils  from  the  Franciscan  of  northwestern  California  which  have 
been  identified.  This  one  Buchia  then,  is  the  most  direct  evidence  of  an 
Upper  Jurassic  age  for  the  Franciscan  in  the  Fortuna  cjuadrangle. 

Taliafen-o  (]943b)  gives  the  age  of  the  Franciscan-Knoxville  group 
as  late  Upper  Jurassic,  Tithonian,  based  on  meager  fossil  evidence.  On 
the  basis  of  lithologic  similarity,  the  rocks  mapped  as  Franciscan  in  this 
area  may  then  be  considered  late  Upper  Jurassic  in  age.  The  base  of  the 
Franciscan  has  not  yet  been  found;  to  the  northeast  the  formation  is  in 
fault  contact  with  older  rocks,  principally  the  Kerr  Eanch  schist  (Man- 
ning and  Ogle,  1950). 

Thickness.  No  accurate  figure  can  be  given  for  the  thickness  of  the 
Franciscan  in  the  Fortuna  quadrangle,  or  for  the  thickness  of  Franciscan 
exposed  in  the  belt  in  Fortuna  aud  Blue  Ijake  quadrangles  because  (1) 
there  may  be  unmapped  folds,  as  attitudes  are  sparse;  (2)  unknown 
intra-Franciscan  faults  may  duplicate  the  section;  (3)  neither  the  top 
nor  the  bottom  is  present  in  the  area.  The  attitudes  shown  on  the  Blue 
Lake  (Ogle,  1947)  and  Fortuna  quadrangles  indicate  that  the  Fran- 
ciscan comprises  a  homoelinal  northeast-dipping  series  of  beds  whose 
aggregate  thickness  may  total  nearly  50,000  feet.  However,  this  figure 
is  probably  far  greater  than  the  correct  one.  Although  continuous  north- 
east-dipping strata  can  be  traced  for  several  thousand  feet  along  the 
Knee]and-]\Iad  Biver  road  in  the  Blue  Lake  quadrangle,  unknown  faults 
may  reduce  this  thickness  to  possibly  half  that  given,  or  20,000  feet  plus. 
The  width  of  outcrop  of  known  Franciscan,  measured  perpendicular  to 
general  strike  by  D.  McNaughton  and  the  Avriter  between  the  Yager- 
Franciscan  contact  west  of  Bridgeville  and  the  Franeiscan-Kerr  Ranch 
schist  contact  on  South  Fork  Mountain,  is  more  than  20  miles.  Much  of 
this  area  does  not  appear  to  be  tightly  folded  or  badly  contorted,  but 
major  faults  may  be  numerous.  Estimates  of  thickness  of  the  Franciscan 
farther  south  have  been  given  as  10,000  to  25,000  feet  by  Taliaferro 
(1943b)  and  others. 

Yager  Formation 

The  name  Yager  formation  is  proposed  for  the  series  of  dark-gray 
indurated  mudstoue,  shale,  grayAvacke,  and  conglomerate  exposed  in 
Yager  Creek  in  Fortuna  quadrangle,  north  of  the  fault  contact  with  the 
Wildcat  group.  It  is  suggested  that  this  name  be  used  until  suitable 
faunal  evidence  establishes  the  age  of  the  unit  and  allows  more  adequate 
correlation  with  established  formations,  or  until  a  well-exposed  type 
section  with  clear  stratigraphic  relations  above  and  below  can  be  set  up. 
It  is  possible  that  the  rocks  included  in  the  Yager  formation  range  from 
Upper  Jurassic  to  Upper  Cretaceous  in  age.  Most  evidence  points  to  a 
Cretaceous  age. 

Tlie  Yager  formal  ion  exposed  in  the  eastern  Fortuna  quadrangle  is  in 
contact  willi  Ihe  Franciscan  along  the  Freshwater  fault,  and  is  overlain 
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by  Wildcat  sediments  with  strong  angular  unconformity.  The  Wildcat 
formation  in  this  area  is  thin  and  low-dipping,  and  streams  have  cut 
through  it  and  exposed  the  Yager  formation  in  the  valley  bottoms.  In  the 
southern  part  of  the  mapped  area  the  Yager  is  a  narrow  belt  of  sediments 
in  fault  contact  on  the  south  with  rocks  of  the  False  Cape  shear  zone,  and 
overlain  unconformably  on  the  north  by  the  Pullen  formation  (upper 
Miocene  to  lower  Pliocene).  It  is  fairly  well  exposed  on  the  east  bank 
of  the  Eel  River  at  Scotia.  That  the  Yager  underlies  the  Tertiary  sedi- 
ments of  the  Eel  River  Valley  area  is  known  from  well  data. 

The  eastern  boundary  of  the  Yager  formation  has  been  fairly  well 
established  by  reconnaissance  beyond  the  Eel  River  Valley  area.  The 
Yager  and  Franciscan  are  probably  in  fault  contact  along  the  Fresh- 
water fault  from  upper  Elk  River  southeast  to  Chalk  Mountain.  The 
fault  has  been  traced  southward  from  Chalk  Mountain  to  Phillipsville, 
where  it  apparently  passes  into  the  Franciscan.  West  of  Phillipsville  the 
Yager-Franciscan  contact  has  been  mapped  as  depositional  (Dibblee, 
T.  W.  Jr.,  oral  communication,  1950). 

The  Yager  shale  and  sandstone  can  be  seen  at  many  localities  along 
U.  S.  Highway  101  and  along  the  Eel  River  between  Phillipsville  and 
Larabee.  Good  sections  are  exposed  on  Salmon  Creek  (Eel  River  tribu- 
tary near  Miranda)  ;  along  the  North  Fork  of  the  Elk  River  (Fortuna 
quadrangle),  both  in  logging-railroad  cuts  and  in  the  stream  bed;  on 
Yager  Creek  near  the  Pacific  Lumber  Company  Camp ;  along  parts  of 
Salmon  Creek  (Fortuna  quadrangle)  ;  and  along  the  Van  Duzen  River 
and  State  Highway  36  west  of  Bridgeville.  Near  Swain's  Flat  {Melania 
locality)  is  an  excellent  road  cut  in  spheroidal- weathering  mudstone 
from  which  megafossils  have  been  obtained.  On  Larabee  Creek,  east  of 
Larabee  Lodge,  are  numerous  conglomerates  associated  with  the  sand- 
stone and  shale. 

Only  a  few  outcrops  of  sandstone  and  conglomerate  are  found  in  the 
upland  areas.  Typically  the  surface  is  covered  with  forest  duff  and  soil 
sprinkled  with  a  few  shale  and  sandstone  chips.  Most  road  cuts,  4  to  5 
feet  deep,  show  nothing  but  a  rubble  of  sandstone  and  shale  fragments, 
the  result  of  slumps  and  surface  creep. 

Petrography.  The  Yager  formation  is  principally  mudstone,  shale, 
graywacke,  siltstone,  and  conglomerate,  with  some  interbedded  limj'  silt- 
stone.  The  pelitic  sediments  weather  to  soft  clayey  materials,  and  so  are 
poorly  exposed,  in  contrast  to  the  harder  sandstones  which  are  found 
along  the  streams  as  boulders.  From  exposures  along  railroad  cuts  in 
the  Yager  Creek  and  Elk  River  areas  it  appears  that  the  mudstone,  silt- 
stone,  and  shale  make  up  perhaps  70  percent  of  the  total,  while  the  sand- 
stone makes  up  25  percent,  and  the  conglomerate  less  than  5  percent. 

The  predominant  fine-grained  sediment  is  platy  shale,  much  of  which 
is  interbedded  with  thin  sandstone  or  siltstone.  It  is  hard,  irregularly 
fissile,  and  breaks  into  small  platy  chips  when  subjected  to  mechanical 
weathering.  The  mudstone  and  siltstone  are  thick  bedded,  and  weather 
to  hard  ovoid  or  curved  chips.  When  fresh,  these  sediments  all  are  dark 
gray  in  color,  but  when  slightly  weathered  they  change  to  olive  gray. 
A  purplish-brown  stain,  probably  a  ferruginous-manganiferous  coating, 
is  common  on  fracture  surfaces.  A  fresh-broken  surface  has  a  slight  sheen 
which  is  produced  by  abundant  finely  divided  plates  of  mica.  Some  car- 
bonaceous material  is  present  in  the  shale.  Near  the  Yager  fault  on  Yager 
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Creek  there  are  numerous  small  black  earbonized-wood  fragments,  which 
resemble  bituminous  coal  in  luster  and  texture ;  there  are  also  numerous 
crustacean  *  borings,  4  to  6  inches  in  length  and  averaging  half  an  inch 
in  diameter.  Some  of  the  borings  are  horn-shaped,  and  some  resemble 
long  tubes. 

The  graywacke  of  the  Yager  formation  is  dark  gray  in  color  when 
fresh,  but  in  most  exposures  is  olive  gr&y,  and  when  deeply  weathered 
becomes  olive  brown.  It  is  not  as  hard  as  the  typical  Franciscan  gray- 
wacke ;  it  usually  breaks  around  the  grains,  forming  an  irregular  sur- 
face, in  contrast  to  the  many  Franciscan  graywackes,  which  break  across 
the  grains.  The  Yager  graywacke  is  resistant  when  compared  with  the 
pelitic  sediments,  and  forms  large  pillar  rocks  above  the  surrounding 
landscape.  Some  of  the  beds  are  massive  and  several  hundred  feet  in 
thickness,  whereas  others  are  but  thin  niterbeds  in  the  shale. 

In  hand  specimen  the  t^'pical  Yager  graywacke  is  seen  to  be  medium 
grained,  greenish  gray,  and  well  indurated ;  large  flakes  of  muscovite 
showing  a  rude  orientation  suggestive  of  bedding  occur  in  some  speci- 
mens. Platy  chips  of  shale-slate  are  common;  they  range  from  one- 
eighth  of  an  inch  to  as  much  as  an  inch  in  length.  Under  the  hand  lens 
abundant  sharply  angular  to  sub-angular  feldspar,  quartz,  and  tiny 
rock  fragments  can  be  seen.  ]\Iany  of  the  grain  boundaries  are  not  clear 
because  of  greenish-gray  intergranular  clayey  material  which  surrounds 
the  grains.  Some  chlorite  can  be  identified  and  epidote  is  common.  The 
rock  generally  has  a  dull  color  except  for  the  flash  of  the  micas.  Weathered 
specimens  are  difficult  to  distinguish  from  some  Franciscan  graywacke, 
but  as  a  rule  biotite  is  more  abundant  in  the  Yager. 

The  quartz  is  clear  and  sharply  angular,  and  much  of  it  is  sliver- 
shaped.  Feldspar  is  somcAvhat  less  angular;  some  of  it  is  fresh,  but 
much  of  it  is  cloudy  and  altered.  Much  of  the  biotite  is  being  altered  to 
chlorite  and  magnetite.  Some  of  the  bright  green  patches  of  chlorite 
may  be  authigenic. 

Kock  fragments  in  the  Yager  graywacke  include  colorless  and  red 
chert  and  greenstone,  and  some  quartzite  and  mica  schist.  The  presence 
of  red  chert  and  glaucophane  suggests  that  the  Yager  graywacke  may 
have  been  derived  from  Franciscan  rocks,  at  least  in  part.  The  Yager 
sandstone  has  more  feldspar,  more  rock  fragments  and  less  chert,  about 
the  same  amount  of  quartz,  more  biotite,  and  less  paste  than  the  Fran- 
ciscan graywacke.  Because  of  the  lesser  amount  of  paste  the  Yager  gray- 
wacke might  be  considered  better  sorted  than  its  Franciscan  counterpart. 

Conglomerate  is  not  common  in  the  Yager  formation ;  in  general  it 
forms  small  lenses  interbedded  with  graywacke.  Nevertheless,  .some  of 
the  conglomeratic  members  are  among  the  most  resistant  of  the  Yager 
rocks,  and  they  form  bold  outcrops. 

Two  types  of  conglomerate  can  be  distinguished :  one  made  up  prin- 
cipally of  small  chips  of  shale-slate,  and  another  composed  of  a  variety 
of  pebbles  including  red  (Franciscan?)  chert,  greenstone-basalt,  gray- 
wacke, well-rounded  porphyry,  quartzite,  and  black  chert.  In  the  second 
type,  most  of  the  i)ebbles  range  from  half  an  inch  to  2  inches  in  size 
and  arc  Franciscan  rock  types;  also  present  are  the  wcll-i-ounded  resist- 
ant pebbles  fouiul  in  Franciscan  and  all  younger  congh^merates  of  the 
Coast  Ranges.  These  pebbles  are  set  in  a  matrix  of  argillaceous  sandstone. 

♦  IdentUied  by  J.  Wyatt  Durham. 
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Composition  of  five  typical  graywackes  from  the  Yager  formation* 


Feld- 
spar' 

Rock  fragments 

Quartz 

"Paste"  2 

Biotite 

Chlorite 

Other 

Sample 

Chert 

Others 

minerals' 

80-S3     

42 
49 
23 
38 
39 

8 
8 
4 
10 
10 

17 
5 
15 
11 
10 

23 

14 
37 
27 
27 

5 
9 
7 
5 
4 

3 

5 
6 
6 
6 

1 
5 
4 
2 
3 

1 

80-S4     

5 

80-So 

80-S6     

4 

1 

80-S7     

1 

*  Percentages  computed  with  Wentworth  stage.  Localities  from  which  specimens  were  taken  are  listed  in  the  appendix. 

1  Feldspar  is  predominantly  plagioclase,  generally  in  the  range  oligoclase-andesine,  but  there  are  minor  amounts  of 

orthoclase. 

2  "Paste"  is  the  term  suggested  by  Pettijohn  (1949)  for  the  fine,  more  or  less  indistinguishable,  intergranular 

material  in  graywaclie.  In  these  rocks  little  other  than  finely  divided  chlorite  can  be  identified.  It  appears  that 
the  paste  has  not  progressed  as  far  toward  recrystallization  as  that  of  the  Franciscan  gra>-\vacke.  Some  of  the 
toe  chloritie  material  appears  to  grow  into  the  ijuartz  and  feldspar  and  produce  a  ragged  edge  on  such  grains. 

*  "Other  minor  minerals"  include,  in  order  of  abundance,  muscorite,  epidote,  opaque  minerals,  zircon,  sphene,  glau- 

ciiphane.  hornblende,  garnet,  apatite,  rutile,  augite,  and  zoisite.  Some  calcite  is  present  as  veinlets  or  as  a 
secondary  mineral  replacing  plagioclase. 

Stratigraphy.  The  Yager  formation  is  in  fault  contact  with  Fran- 
ciscan in  the  northeastern  part  of  the  Fortuna  quadrangle,  and  with 
the  rocks  of  the  Praise  Cape  shear  zone  along  the  Russ  fault  in  the  south- 
ern part  of  the  quadrangle.  It  is  overlain  unconformably  in  the  southern 
area  by  the  Pullen  formation,  and  farther  north  by  rocks  mapped  as 
undifferentiated  Wildcat.  Along  the  Yager  fault,  the  Yager  formation 
is  faulted  against  mudstones  of  the  Rio  Dell  formation  and  Eel  River 
formation. 

The  relationship  of  the  Yager  formation  to  the  Franciscan  formation 
suggests  that  the  Yager  is  younger.  Rock  types  of  the  Yager  are  generally 
less  indurated  and  sheared  than  similar  rocks  of  the  Franciscan ;  some 
Yager  conglomerates  contain  numerous  red  chert,  greenstone-basalt,  and 
Franciscan-like  sandstone.  Furthermore,  rocks  of  the  Yager  formation 
resemble  those  of  the  Knoxville  formation  or  Cretaceous  formations 
cropping  out  in  other  parts  of  California. 

The  Geologic  Map  of  California  (Jenkins,  1938)  shows  belts  of  Cre- 
taceous, Knoxville,  and  Franciscan  on  the  Van  Duzen  River  between 
the  Pliocene  contact  and  Bridgeville.  The  Franciscan-Knoxville  contact 
is  sho^vn  at  the  approximate  location  of  the  writer's  Franciscan-Yager 
contact  (Freshwater  fault),  but  no  Cretaeeous-Knoxville  differentiation 
can  be  made  on  the  basis  of  lithology.  Faunal  data  are  woefully  meager. 
A  few  of  the  Yager  shales  or  mudstones  contain  numerous  slender  objects 
shaped  like  pine  needles,  rarely  as  much  as  3  inches  in  length,  which 
have  been  identified  as  the  arenaceous  foraminifer  Baihijsiphon  sd. 
Stanley  Beck  has  identified  two  additional  arenaceous  foraminifera, 
Crihrostomoides  sp.  and  (lavulina  sp.  from  Yager  mudstone  collected 
at  the  Forest  of  Arden  Resort  north  of  Garberville  (Douglas  Wilson, 
oral  communication  1950).  B.  C.  Jones  of  the  Union  Oil  Company  Pale- 
ontology Laboratory  has  identified  Bathysiphon  sp.  and  Silico.sig- 
moilina  sp.  in  one  Yager  sample.  Not  enough  is  known  about  the  earliest 
occurrence  of  the  genus  Silicosifimoilina  to  give  a  positive  statement 
about  the  indicated  correlation  ;  but  its  common  occurrence  in  Cali- 
fornia sediments  of  the  Cretaceous  and  early  Tertiary  suggests  that  the 
Yager  is  at  least  as  voung  as  Cretaceous.  The  writer  and  others  have 
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seen  Bathy siphon  in  some  sheared  shales  mapped  as  part  of  the  Fran- 
ciscan, but  no  mention  of  them  has  been  found  in  the  literature  on  Knox- 
ville  and  Franciscan  rocks.  Dr.  N.  Tj.  Taliaferro  informed  the  writer 
(oral  communication,  November  1950),  upon  seeing  some  of  the  Bathy- 
siphon,  that  lie  Jiad  found  similar  foraminifera  in  Knoxville  shale  on 
the  Pacheco  Pass  road.  Although  no  accurate  age-determination  can  be 
made  on  the  basis  of  the  above  foraminifera,  it  is  possible  that  careful 
stud)'  of  Cretaceous  and  Upper  Jurassic  rocks  in  other  parts  of  Cali- 
fornia may  reveal  a  similar  abundance  of  these  forms  in  some  part  of 
the  section. 

Megafossils  are  extremely  rare.  Diller  (1902,  p.  65)  reported  that  he 
found  an  Aiicella  above  Hydesville,  along  the  Van  Duzen  River,  which 
was  identified  by  Stanton  as  a  Cretaceous  form.  Diller,  however,  merely 
stated 

It  is   certain  that  some  of  the  sandstones  and  shales  are  younger  than  the 

rocks  which  form  the  mass  of  the  Klamath  Mountains. 

This  is  the  only  fossil  previously  reported  from  rocks  herein  mapped  as 
Yager,  excluding  the  "Cretaceous  ammonite"  found  by  Hanna.  which 
is  discussed  with  the  False  Cape  shear  zone  rocks.  Near  Swain's  Flat, 
along  State  Highway  36,  about  6  miles  west  of  Bridgeville,  the  writer 
found  a  small  gastropod  in  spheroidal-weathering,  gray-green  Yager 
mudstone.  Several  Batliysiphon,  some  borings,  and  a  second  broken 
gastropod  cast  were  seen.  The  tiny  gastropod  was  identified  by  J.  Wyatt 
Durham  as  Melania  n.  sp.  Investigation  of  the  literature  showed  that 
species  of  this  genus  had  been  described  from  the  Eocene  of  France  and 
from  the  Eocene  Markely  formation  of  California.  The  genus  has  not 
been  described  from  pre-Cretaceous  strata.  Durham  (oral  communica- 
tion, 1950)  stated  that  this  specimen  is  probably  an  Eocene  form,  and 
that  there  is  little  chance  of  its  being  pre-Cretaceous. 

A  few  crustacean  borings  in  shales  along  Yager  Creek  in  the  center  of 
sec.  10,  T.  2  N.,  1  E.,  H.,  indicate  shallow-water  envii-onment.  At  the 
same  locality  numerous  small  fragments  of  carbonized  wood  suggest  a 
nearby  wooded  terrane. 

The  inadequacy  of  the  above  stratigraphic  data,  together  with  the 
uncertainty  of  lithologic  correlations,  is  the  reason  for  use  of  the  local 
name  Yager  formation,  until  such  time  as  better  stratigrapliie  correla- 
tion and  definition  are  possible.  The  weight  of  the  limited  faunal  evi- 
dence points  to  a  Cretaceous  or  even  an  Eocene  age.  However,  certain 
facts  seem  to  rule  against  an  Eocene  age:  ]\lacGinitie  (1936)  noted  the 
presence  in  the  Ilyampom  area  (about  25  miles  to  the  east  of  the  area 
mapped)  of  continental  beds,  assigned  to, the  Oligocene  on  the  basis  of 
paleobotanical  data;  these  beds  overlie  Cretaceous  sediments  with  strong 
angular  unconformity.  The  Cretaceous  beds  are  generally  similar  in 
lithology,  structure,  and  induration  to  the  Yager ;  the  Tertiary  sediments, 
on  the  other  hand,  are  poorly  consolidated  and  for  the  most  part  only 
slightly  tilted.  Many  factors  relating  to  the  Tertiary  climate  and 
geomorphology  suggest  that  the  Oligocene  beds  in  the  Hyampom  area 
Mere  deposited  on  an  eroded  surface  which  also  was  cut  on  folded  Yager 
rocks.  It  seems  probable  that  the  Yager  is  Cretaceous;  but  because  of 
tlic  lack  of  a  truly  diagnostic,  adequate  fauna  there  is  the  possibility 
that   at  least  part  of  the  formation  may  be  equivalent  to  Knoxville. 
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Therefore  it  has  been  assij^iied  to  the  Upper  Jurassie-Cretaeeous.  If  the 
Yager  is  Cretaceous,  it  must  have  been  deposited  in  a  geosyncline  west 
of  the  Sacramento  Valley,  and  separated  from  it  by  the  iSouth  Fork 
Mountain  mass.  MacGinitie  (1936)  in  referring  to  the  Cretaceous  at 
Big  Bar,  30  miles  to  the  northeast  of  the  present  Yager  exposures,  stated  : 
These  localities  [200'  of  Cretaceous]  mark  the  western  strand  line  of  the  Lower 
Cretaceous  overlap  in  this  region. 

He  also  mentioned  the  presence  of  1,100  feet  of  Paskenta  farther  east, 
southeast  of  AVeaverville. 

The  graywacke  of  the  Yager  closely  resembles  Franciscan  graywacke, 
but  is  found  to  be  distincth^  different  when  carefuly  studied.  Here,  as 
in  manj^  other  localities,  the  Franciscan  rocks  as  mapped  by  the  writer 
are  sheared,  contain  metamorphic  rocks,  and  are  penetrated  by  igneous 
intrusions;  Yager  rocks  show  none  of  these  characteristics. 

Thickness.  The  thickness  of  the  Yager  cannot  be  measured  accu- 
rately. The  base  of  the  formation  is  not  visible  in  the  Eel  River  area, 
and  the  top  is  overlain  by  Tertiary  sediments  with  strong  angular  uncon- 
formity. Near  Phillipsville,  the  Yager  formation  may  be  more  than 
10,000  feet  thick.  In  the  Fortuna  quadrangle  along  the  North  Fork  of 
Elk  River,  at  least  2,500  feet  of  Yager  are  exposed  dipping  north  into  a 
syncline ;  on  Freshwater  Creek  there  appears  to  be  perhaps  2,500  feet 
of  the  formation,  also  dipping  north.  Poor  exposures  are  commonplace, 
and  the  possibility  that  tight  folds  may  have  been  missed  must  be  kept 
in  mind  when  estimating  thicknesses.  Some  of  the  cross-sections  show  an 
aggregate  thickness  of  15,000  to  20,000  feet,  but  it  must  be  remembered 
that  these  are  diagrammatic  and  based  on  inadequate  evidence.  Because 
of  lack  of  intraformational  stratigraphic  detail  it  has  not  been  possible 
to  estimate  what  part  of  the  total  section  is  exposed  at  any  particular 
locality. 

Conditions  of  Deposition.  Conditions  under  which  Yager  sediments 
accumulated  were  probably  similar  to  those  which  existed  during  the 
deposition  of  the  Franciscan.  At  the  source,  the  land  mass  was  probably 
rugged,  so  that  active  downcutting  streams  of  steep  gradient  carried 
large  loads  of  mechanically  weathered  debris.  Some  vegetation  was 
present  on  the  slopes  and  the  climate  was  probably  cool-temperate  and 
hiimid.  Source  rocks  were  in  part  Franciscan  red  chert,  greenstone- 
basalt,  and  glaucophane ;  but  in  addition  there  may  have  been  some 
plutonic  rocks — granodiorite  or  quartz  diorite — which  contributed  the 
high  percentage  of  feldspar.  It  is  significant  that  there  is  a  higher  per- 
centage of  feldspar  and  a  lesser  percentage  of  rock  fragments  in  the 
Yager  graywacke  than  in  the  Franciscan  of  this  area.  Perhaps  a  granitic 
batholith  intruding  an  area  of  geosynclinal  sediments  had  been  exposed 
by  erosion  by  the  time  the  Yager  was  being  deposited,  and  provided  this 
different  source  material.  Part  of  the  source  area  must  have  been  to 
the  east,  but  it  is  probable  that  an  old  land  mass  to  the  west  also  made 
some  contribution.  Recent  evidence  of  the  active  tectonic  nature  of  the 
region  west  of  this  part  of  the  Pacific  Coast  has  been  presented  by 
Scripps  Institution  and  Office  of  Naval  Research  investigators  (see  espe- 
cially Menard  and  Dietz,  1951).  Taliaferro  (1943b)  has  suggested  that 
a  land  mass  existed  west  of  the  present  coast  line  during  Franciscan 
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time.  Such  a  mass  could  also  have  been  present  durinjr  deposition  of  the 
Yager  formation. 

The  Yager  was  probably  deposited  in  the  bathyal  and  neritic  zones 
of  the  sea ;  crustacean  borings  are  present,  indicating  a  relatively  shallow 
site.  The  washed  or  cleaned  character  of  the  graywacke  may  indicate  a 
somewhat  shallower  depth  than  that  at  wliieh  the  Franciscan  was  de- 
posited. Wave  action  could  effect  some  winnowing  of  the  rajudly  de- 
positing sediment.  Turbidity  currents  (Kuenen  and  Migliorini,  1950) 
explain  some  of  the  alternating  graywacke  and  shale.  The  material  must 
have  been  deposited  in  a  rapidly  subsiding. geosyncline  which  may  have 
been  partly  restricted. 

False  Cape  Shear  Zone 

Along  the  coast  from  the  mouth  of  Oil  Creek  south  to  the  edge  of  the 
Ferndale  quadrangle  there  are  nearly  continuous  exposures  of  lenticular 
masses  of  sandstone,  pulverized  pelitic  material,  and  a  few  lenses  of 
greenstone,  chert,  and  limestone.  The  exposures  continue  along  the 
coastal  cliffs  south  of  the  mapped  area  to  the  contact  with  the  Bear  River 
Tertiary  rocks.  The  total  distance  of  these  exposures  is  approximately  3 
miles.  South  of  the  Bear  River  Tertiary  rocks  the  same  zone  or  a  similar 
one  continues  for  several  more  miles  to  the  south.  Because  rocks  of  several 
formations  are  involved  in  this  shear  zone  and  because  much  of  the  ma- 
terial is  unidentifiable  stratigraphically,  the  name  False  Cape  shear  zone 
has  been  applied.  It  is  a  structural  unit  which  has  a  gross  lithologic 
identity  but  no  stratigraphic  restriction.  The  coastal  cliffs  offer  the  only 
opportunit}'  for  a  careful  study  of  these  rocks.  To  the  east  only  a  few 
exposures  are  afforded,  in  road  cuts  and  actively  eroding  streams.  ]Most 
of  the  upland  terrane  is  characterized  by  smooth  rounded  hills  dotted 
with  a  few  random  outcrops  of  the  harder  included  sandstone  lenses. 
Although  most  of  the  zone  is  made  up  of  highly  sheared  and  contorted 
rocks,  there  are  some  areas,  such  as  near  the  head  of  Howe  Creek,  where 
considerable  thicknesses  of  unsheared  rocks  of  Franciscan  type  are 
included. 

The  usual  sea-cliff  exposure  .shows  an  assortment  of  gray,  lenticular, 
subangular  or  rounded  fragments  of  sandstone  set  in  a  dark  gray-black 
matrix  of  pulverized  pelitic  material.  Some  of  the  sand  bodies  form  lens- 
shaped  masses  several  feet  in  length,  while  other  fragments  may  be  small, 
rounded  masses  the  size  of  a  walnut.  In  places,  a  series  of  the  phacoids 
are  aligned,  indicating  that  the  individual  fragments  were  originally 
part  of  a  continuous  sandstone  bed.  Some  of  the  phacoids  ean  be  traced 
through  tight  folds.  Where  not  contorted,  the  lenticular  beds  or  random 
lenses  dip  at  angles  near  vertical,  and  most  planes  of  shearing  dip  at 
similar  angles.  The  phacoids  usually  have*  highly  polished  slickensided 
surfaces  which  are  the  result  of  differential  movement  of  the  harder 
fragments  in  the  finely  divided  pelitic  matrix  ;  some  of  them  show  minute 
grooving  and  striations.  Although  the  lens  shajie  is  tyjiical.  some  small 
masses  have  been  rolled  and  show  a  high  degree  of  rounding. 

From  the  relative  amcnmts  of  sandstone  lenses  and  pelitic  material, 
it  is  concluded  that  the  original  sediments  nnist  have  been  interbedded 
sandstone  and  shale.  In  addition,  there  are  some  random  small  discon- 
tinuous lenses  of  dark  greenstone-basalt,  gray  limestone,  red  and  green 
i-adiolarian  chert,  and  at  least  one  small  polished  lens  of  greenish,  glau- 
conitic,  foraminiferal  Wildcat  limestone. 
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While  the  above  describes  the  appearance  of  most  of  the  exposed  False 
Cape  shear  zone,  there  are  numerous  exposures  of  more  massive,  con- 
tinuous masses  of  sandstone,  such  as  those  which  form  the  small  stacks 
known  as  Mussel  Rock  and  False  Cape  Rock.  The  larger  bodies  may  be 
as  much  as  100  to  200  feet  in  thickness,  and  most  of  them  in  the  upland 
areas  form  prominent  knobs  which  stand  out  above  the  surrounding  soft, 
easily  weathered,  sheared  pelitic  material.  Most  of  the  sandstone  is 
greenish-gray,  massive,  fine-grained  to  medium-grained  graywacke  which 
is  cut  by  numerous  calcite  veins.  At  the  mouth  of  Oil  Creek  there  is  a 
large  iron-oxide-coated  mass  some  50  feet  across  of  altered  greenstone- 
basalt.  No  similar  rocks  are  adjacent  and  this  mass  cannot  be  traced 
farther.  At  a  small  indentation  in  the  coast  line,  just  south  of  False 
Cape  (NWiSAVi  sec.  35,  T.  2  N.,  R.  3  W,  H.),  there  is  a  10-foot-thick 
outcrop  of  red  radiolarian  chert  that  is  composed  of  thin  contorted  beds 
and  is  bounded  by  the  usual  pulverized  pelitic  material  which  has  aided 
in  developing  a  polished  surface  on  the  chert.  This  body  can  be  traced  a 
few  hundred  feet  to  the  east  but  it  does  not  crop  out  beyond  that  point. 
Stewart  and  Stewart  (1949)  note  that  Cretaceous  fossils  found  by 
Hanna  were  from  approximately  this  same  point  on  the  coast.  In  the 
area  near  the  head  of  Howe  Creek  (Scotia  quadrangle)  a  considerable 
thickness  of  sandstone  and  Ilackett  limestone,  and  one  small  mass  of 
an  altered  olivine  basalt,  are  virtually  unsheared.  They  have  been  in- 
cluded within  the  zone  because  the  material  surrounding  this  area  is 
similar  to  that  described  above.  Several  steeply  dipping  fault  planes  can 
be  seen  in  the  sea-cliff  exposures;  but  because  of  the  nature  of  the  ad- 
jacent material,  it  is  not  possible  to  estimate  the  amount  or  direction  of 
displacement. 

With  the  hand  lens,  the  sandstone  of  both  the  pods  and  the  more  mas- 
sive outcrops  is  seen  to  be  fine  to  medium  grained,  a  lighter  gray  than  the 
usual  Franciscan  or  Yager  rocks,  sheared  in  places,  locally  veined,  and 
composed  of  abundant  feldspar,  quartz,  and  dark  rock  fragments.  Under 
the  microscope  little  evidence  of  deformation  can  be  seen  except  for  local 
granulation  of  grains  and  the  presence  of  some  strained  quartz  grains. 

The  pelitic  material  is  normally  a  loose,  unconsolidated  material  made 
up  of  minute,  glistening,  slickensided  fragments,  or  powder.  When 
moistened  it  becomes  a  paste  or  cla^'ey  substance  that  most  resembles 
fault  gouge.  The  pulverized  material  is  too  finely  divided  and  soft  to 
show  structure  and  appears  as  a  formless  matrix  surrounding  the  more 
resistant  pods. 

One  specimen  of  glauconitic  foraminiferal  Wildcat  limestone  was 
found  included  in  the  zone  in  a  small  gulch  tributary  to  the  ocean  ap- 
proximately a  mile  from  the  nearest  outcrop  of  Tertiary  rocks. 

The  False  Cape  shear  zone  represents  crushing  and  shearing  on  a 
grand  scale,  similar  to  that  described  by  Lamplugh  (1895)  on  tlie  Isle 
of  Man,  where  the  original  materials  involved  in  the  cataclastic  deforma- 
tion were  interbedded  sandstones  and  shales. 

It  is  probable  that  the  original  rocks  in  the  Fortuna  quadrangle  were 
highly  folded  sediments  of  both  the  Franciscan  and  Yager  formations 
which  were  subjected  to  repeated  strong  deformation.  As  the  folds  be- 
came tighter,  the  sandstone  fragments  were  stretched,  faulted  and 
])inched  off  by  the  squeezing  of  the  plastic  pelitic  material.  The  resistant 
beds  were  disrupted  principally  b}'  fracturing  rather  than  b}'  any  in- 


24  EEL   RIVER    VALLEY    AREA  [Bull.  164 

ternal  movement  or  reconstiUition  of  the  component  parts.  The  oblique 
slip-planes  breaking  repeatedly  across  the  beds  aided  in  the  development 
of  the  typical  lens  shape.  Numerous  faults  developed  which  displaced 
some  of  the  involved  rocks  considerable  distances.  The  complexities  of 
the  varied  types  of  differential  movement  were  such  that  fragments  were 
moved  far  from  their  original  position.  As  repeated  movements  took 
place,  the  soft  pulverized  pelitic  gouge  acted  like  jeweler's  rouge  in 
polishing  the  pods.  Following  deposition  of  the  lower  part  of  the  Wild- 
cat, some  of  the  Wildcat  sediments  became  involved  in  the  repeated 
deformation. 

The  age  of  the  rocks  involved  is  open  to  some  question.  One  fragment 
of  Wildcat  limestone  is  included  in  the  False  Cape  shear  zone,  and  it  is 
probable  that  some  of  the  pulverized  pelitic  material  is  Wildcat  mud- 
stone.  In  the  Independent  Exploration  Companv  well  "Roscoe"  1, 
drilled  in  1950  in  the  NW^  sec.  33,  T.  2  S.,  R.  1  W.,  H.,  about  20  miles 
to  the  southeast,  all  the  cores  were  composed  of  highly  sheared,  pulver- 
ized shale  and  sandstone  lenticles  similar  in  all  respects  to  the  surface 
exposures  of  the  False  Cape  shear  zone.  Otto  Ilackel  (oral  communica- 
tion, 1950)  informed  the  winter  that  some  Pliocene  foraminifera  were 
identified  in  samples  of  these  cores.  Thus,  while  the  sandstone  lenticles 
in  the  cores  were  apparently  Yager  or  Franciscan,  some  of  the  indistin- 
guishable pelitic  material  proved  to  be  Pliocene  mudstone.  A  similar  con- 
dition may  prevail  in  the  False  Cape  shear  zone. 

Dr.  G.  D.  Hanna  in  1928  found  an  ammonite  6  inches  in  diameter,  a 
Corraliochama  ( ?),  and  a  Belemnitella  ( ?),  in  a  6'-foot  piece  of  crystal- 
line limestone  along  the  shore  line  in  the  NW^f  SW:|  sec.  35,  T.  2  N..  T\ 
3  W.,  H.  (Stewart  and  Stewart,  1949;  oral  communication  from  G.  D. 
Ilanna,  1951).  These  Cretaceous  fossils  may  be  from  some  part  of  the 
Yager  formation,  or  other  Cretaceous  beds  not  previously  described, 
which  have  become  involved  in  the  shear  zone  and  are  isolated,  as 
lenticles,  from  other  similar  beds.  It  has  been  noted  previously  that  some 
of  the  more  resistant  fragments  bear  close  similarity  to  typical  Yager 
and  Franciscan  rocks.  It  is  therefore  evident  that  rocks  of  several  ages 
are  in  juxtaposition,  and  it  follows  that  fossils  found  in  the  zone  are 
indicative  of  the  age  of  only  that  particular  fragment  in  which  the 
fossils  are  imbedded. 

Wildcat  Group 

Deposition  in  the  Eel  River  Basin  continued  with  only  minor  strati- 
graphic  breaks  from  upper  Miocene  to  mid-Pleistocene.  Distinctive  fea- 
tures occur  in  some  parts  of  the  12,000-foot  section,  such  as  glauconitic 
sand  in  the  lower  part  and  massive  sand  and  conglomerate  in  the  upper 
part;  but  the  weathered  mudstones  from  all  parts  of  the  group  are 
similar  in  appearance.  Where  a  nearly  continuous  section  is  exposed, 
as  along  the  Eel  River,  units  can  be  difTerentiated  on  the  basis  ol:"  li- 
tliology  ;  some  i)arts  of  the  section  contain  an  abundant,  diagnostic  micro- 
fauna.  Several  formations  have  been  mapped  in  the  southern  part  of 
the  Ferndale-Fortuna-Glynn  area,  but  the  Tertiary-lower  Quat(  ruary 
sediments  have  not  been  differentiated  into  cartographic  units  in  the 
northeastern  part  of  the  Fortuna  quadrangle.  Tlie  AVildcat  grouj)  in- 
cludes all  of  these  sediments;  where  differentiation  has  been  possible, 
however,  formations  and  members  of  formations  have  been  mapped. 
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The  name  Wildcat  series  was  first  proposed  by  Lawson  (1894)  for 
those  sediments  exposed  in  the  Wildcat  country — the  mountainous 
region  south  of  Ferndale — but  has  since  become  established  in  the  liter- 
ature *  as  a  loose  term  for  Tertiary  sediments  in  Humboldt  County  of 
suspected  Pliocene  age.  The  writer  uses  the  term  Wildcat  group  for 
sediments  ranging  from  upper  Miocene  to  lower  Pleistocene,  the  great 
bulk  of  which  has  a  foraminiferal  fauna  correlative  with  the  complete 
lower  to  upper  Pliocene  sequence  of  the  Los  Angeles  and  Ventura  basins. 

The  most  complete  section  of  the  Wildcat  is  exposed  along  the  Eel 
River  from  west  of  Scotia  north  to  the  Van  Duzen  River ;  thence  along 
unnamed  streams  to  the  Cuddeback  Creek  area.  This  is  taken  as  the 
type  section  of  the  Wildcat  group  as  defined  in  this  paper,  and  also 
serves  as  the  type  section  of  all  the  formations  defined  (see  Appendix). 

Distribution 

All  of  the  Wildcat  sediments  mapped  in  the  Ferndale-Fortuna-Glynn 
area  are  part  of  the  Eel  River  embay ment.  To  the  south  there  are  smaller 
patches  of  Tertiary  rocks  whose  stratigraphic  position  and  distribution 
are  imperfectly  known.  Some  of  tlie  patches  can  be  shown  to  have  been 
a  part  of  the  sediments  deposited  in  the  Eel  River  embayment ;  these 
include  the  small  synclinal  area  of  Miocene  sediments  west  of  Scotia ; 
the  small  isolated  areas  of  upper  Pliocene  sediments  south  of  Bridgeville, 
part  of  which  are  fault  slivers  along  the  Yager-Little  Salmon  fault; 
and  the  JMiocene  and  lower  Pliocene  sediments  in  the  Bear  River  area 
which  form  a  faulted  synclinal  structure  separated  from  the  main  part 
of  the  deposits  of  the  Eel  River  embayment  by  a  faulted  anticline  com- 
posed of  rocks  of  the  False  Cape  shear  zone. 

To  the  south,  a  small  area  of  lower  Pliocene  sediments  in  the  Domin- 
gues  Creek-JMcNutt  Gulch  region  is  bounded  hy  faults ;  another  area 
of  sediments  with  uncertain  contact  relationships  is  between  Petrolia 
and  the  mouth  of  the  Mattole  River.  These  could  have  been  separated 
from  the  Bear  River  Tertiary  deposits  by  a  faulted  anticline  ( ?)  in  the 
Branstetter  Ridge  area,  or  they  could  be  part  of  a  separate  embayment 
whose  trend  has  since  been  followed  by  the  Mattole  River.  The  Brice- 
land  Miocene  deposits,  the  Garberville  Airport  Pliocene  outcrops,  and 
the  Garberville  Pliocene  rocks  may  well  be  a  part  of  the  deposits  laid 
down  in  such  a  Mattole  embayment.  The  possibility  remains,  however, 
that  the  Pliocene  beds  could  conceivably  have  been  a  part  of  the  sedi- 
ments of  the  Eel  River  embayment,  if  suitable  uplifting  of  the  inter- 
vening pre-Tertiary  rocks  by  faulting  and  upwarping  has  taken  place. 
In  either  case  it  seems  likely  that  the  Rainbow  Ridge-Mt.  Pierce-Grass- 
hopper  Peak  area  remained  as  a  positive  area,  either  as  an  island  or  as  a 
peninsular  ridge  during  most  of  Tertiary  time.  Some  Pliocene  sediments 
may  be  seen  along  U.  S.  Highway  101  south  of  Piercy,  a  few  miles  south 
of  the  Humboldt  County-Mendocino  County  line.  To  the  northeast  and 
east  of  the  Eel  River  embaj-ment  are  Pliocene  sediments  of  the  Mad 

*  See  Gabb,  18(i6,  1S69  ;  Diller,  1902  :  Dall,  1902  ;  Matthes,  1908  ;  Stalder,  1914  ;  Harmon, 
1914;  Martin,  1916;  Smith,  1919;  Hoots,  1928;  Cushman,  Stewart,  and  Stewart, 
1930;  .Jenkins,  19,38;  Hughes,  1942;  MacGinitie,  1943,  p.  632;  Trask  and  Patnode, 
1942  ;  Stewart  and  Stewart,  1949.  In  addition  to  these  published  sources  of  informa- 
tion, several  petroleum  geologists,  including  Bradford  Adams,  Albert  Gregerson,  the 
late  Donald  Hughes,  Harold  Ilorton,  Thomas  W.  Dibblee,  .Jr.,  and  Hampton  Smith 
have  mapped  in  the  area,  and  have  contributed  to  the  general  knowledge  of  the  struc- 
ture and  stratigraphy  of  the  Wildcat. 
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River  embayment.  The  writer  believes  that  this  narrow  faulted  belt 
was  separated  from  the  Eel  River  embayment  (except  near  Areata)  by 
the  Fickle  Ridge-Kneeland  Ridge  mass  during  Tertiary  time.  Manning 
and  Ogle  (1950)  have  mapped  this  belt  in  the  Blue  Lake  quadrangle, 
and  the  writer  has  traced  its  apparent  southern  extent  in  the  Danger 
Creek- Van  Duzen  area.  To  the  northwest  of  Blue  Lake  the  extent  of 
this  belt  is  not  clear,  since  much  of  the  terrane  is  covered  by  terrace 
deposits  and  low-dipping  Pleistocene  beds  (possibly  equivalent  to  the 
Ilookton  formation),  and  exposures  are  generally  poor.  Durham  (oral 
communication,  1950)  collected  some  upper  Pliocene  megafossils  from 
an  outcrop  near  Clam  Beach  which  may  be  a  part  of  the  sediments  of  the 
Mad  River  embayment.  North  of  Clam  Beach  there  are  patches  of  Plio- 
Pleistocene  sediments  in  the  Patrick's  Point  Big  Lagoon  area.  At 
Patrick's  Point  State  Park  there  is  an  excellent  exposure  of  these  beds 
unconformably  overhdng  sheared  Franciscan  graywacke.  North  of  Orick 
are  other  Plio-Pleistocene  beds  (Jenkins,  1938).  In  Del  Norte  County 
tliere  are  limited  outcrops  of  Plio-Pleistocene  sediments,  and  a  very 
limited  upland  exposure  of  Miocene  deposits  (Diller,  1902;  Maxson, 
1933). 

Units 

The  Wildcat  group  is  composed  principally  of  slightly  indurated 
mudstone,  siltstone,  claystone,  sandstone,  and  conglomerate.  There  are 
minor  amounts  of  limestone,  tuff,  and  lignite.  Mudstone  is  the  most  com- 
mon rock  type. 

Pullen  Formation 

The  Pullen  formation  is  the  lowermost  mappable  lithologic  unit  of  the 
Wildcat  group  in  the  southern  part  of  the  Ferndale  and  Fortuna  quad- 
rangles. It  cannot  be  mapped  in  the  area  northeast  of  the  Little  Salmon- 
Yager  fault  and  has  not  been  identified  in  the  Table  Bluff  and  Tompkins 
Hill  wells.  HoAvever,  there  is  some  evidence  that  the  lowest  Tertiary 
deposits  in  the  Salmon  Creek  area  contain  foraminifera  which  may  cor- 
relate with  tliose  from  part  of  this  unit  as  observed  in  the  Price  Creek 
area  (Dibblee,  oral  communication,  1950).  The  lowest  Tertiary  sediments 
cored  in  The  Texas  Company  well  "Eureka"  1  might  conceivably  be 
part  of  the  Pullen  formation,  from  the  descriptions  given  by  Hughes 
(unpublished  notes,  1935),  and  from  observations  of  the  cores  by  the 
writer.  The  Pullen  formation  thins  from  its  southern  outcrop  northward 
and  is  overlapped  by  younger  Tertiary  beds  in  the  northern  part  of  the 
Fortuna  quadrauglc.  To  the  east  and  southeast  it  thins  and  is  overlapped 
by  the  Eel  River  formation  in  the  vicinity  of  Elinor.  It  overlies  the  Yager 
formation  witli  profound  angular  unconformity,  as  shown  by  the  differ- 
ence in  attitude  and  by  the  material  at  the  base  of  the  Pullen  formation 
in  the  Eel  River  section,  although  the  actual  base  was  not  observed.  The 
thickest  and  most  complete  section  of  the  Pullen  formation  is  well  exposed 
along  Eel  River  near  Scotia.  The  name  "Pullen"  is  used  because  of  the 
excellent  exposures  and  fauna  at  Pullen  Ranch  on  Price  Creek.  Meas- 
ured sections  indicate  that  the  formation  is  thickest  in  the  Eel  River  and 
Price  Creek  areas,  where  the  other  units  of  tlie  Wildcat  group  are  also 
thickest.  It  thins  to  the  west  and  also  to  the  east  of  the  Eel  River  section. 

The  lithology  shows  some  variations  from  west  to  east.  In  the  coastal 
area,  especially  near  the  Mayflower  Ranch.  1  li<>  nnidstone  and  siltstone  are 
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diatomaceous  except  for  some  dark  blue-gray  mudstone  near  the  base.  The 
diatomaceoiis  sediments  are  brittle,  hard,  and  break  with  a  blocky  fracture 
into  small  subrectang'ular  chips,  quite  different  from  the  nodular-weather- 
ing mudstone  higher  in  the  section.  They  weather  to  a  creamy  buff  or 
nearly  wdiite  color,  like  the  diatomaceous  shales  of  the  Monterey  group. 
Associated  with  these  diatomaceous  nmdstones  are  some  yellow-orange- 
weathering  ferruginous  limestone  nodules,  a  few  thin  greenish-brown 
glauconitic  sandstone  beds,  and  some  thin  ash  beds.  Where  glauconite  is 
present  the  sediments  are  streaked  rusty  brown  on  fracture  surfaces  as  a 
result  of  the  oxidation  of  the  glauconite  to  linionite.  The  lower,  less  diato- 
maceous, dark  blue-gra,y  mudstone  has  a  peculiar  bluish  coating  when 
newly  weathered,  but  becomes  rusty  brown  on  fracture  surfaces  exposed 
to  longer  weathering.  No  basal  sandstone  was  observed  in  tlie  western 
exposures  but  there  are  a  few  thin  sandstone  beds,  most  of  which  are 
slightly  glauconitic.  To  the  east,  in  the  Price  Creek-Eel  River  area,  the 
mudstone  is  less  diatomaceous,  although  still  brittle  and  hard,  and  is  more 
similar  to  the  lower  dark  mudstone  of  the  coastal  area.  At  Eel  River  there 
is  a  basal  sandstone  member,  242  feet  thick,  which  thins  to  the  west,  as  a 
result  of  the  lensing  of  the  lower  part  in  the  Price  Creek  area.  This  sand 
is  difficult  to  trace  west  of  Price  Creek  because  of  the  numerous  slides, 
but  it  probably  disappears  as  a  result  of  lensing  about  one  mile  west  of 
the  exposures  at  Pullen  Ranch  on  Price  Creek.  The  characteristics  of  this 
basal  sandstone  are  different  from  the  typical  sandstone  of  the  rest  of 
the  Wildcat  group.  It  is  high  in  feldspar  and  quartz  and  very  low  in 
detrital  ferromagnesian  minerals.  AVhere  the  sandstone  is  free  of  glau- 
conite, it  weathers  to  a  light  buff  or  creamy  white  tinged  with  tan  streaks. 
The  sandstone  is  rarely  seen  fresh,  but  presumably  is  light  gray  to  off- 
white.  The  rock  is  compact,  fine  grained,  fairly  well  sorted,  and  moder- 
ately porous.  Near  the  base  in  the  Eel  River  section  the  abundance  and 
size  of  fragments  of  Yager  and  Franciscan  material  are  impressive.  An- 
gular fragments  of  Yager  sandstone  up  to  8  inches  long  are  common, 
and  there  is  one  lens  of  pulverized  Yager  shale  and  sandstone  fragments 
6  feet  thick.  The  nature  of  the  material  and  the  sequence  of  sedimenta- 
tion are  indicative  of  the  unconformable  contact  at  the  base  of  the  Pullen. 
The  rapid  lateral  variation  of  the  basal  conglomerate  and  pebbly  sand- 
stone beds  implies  shallow-water  deposition.  A  possible  explanation  of 
the  large  lens  of  shale  and  sandstone  fragments  exposed  on  the  east  bank 
of  the  Eel  River  several  feet  above  the  base  is  that  an  adjacent  land  mass 
of  considerable  relief  slumped  occasionally,  contributing  debris  from  the 
Yager  formation. 

Fossils  are  lacking  in  much  of  the  formation.  In  the  coastal  area,  most 
of  the  diatomaceous  mudstone  is  barren  of  foraminifera  and  mollusks. 
The  few  foraminifera  identified  from  this  unit  in  the  coast  section  are 
principally  lower  Pliocene  or  Delmontian  (Kleinpell,  1938)  forms,  but 
these  all  are  from  the  upper  part  of  the  formation.  In  the  Price  Creek 
section  the  writer  found  abundant  foraminifera  in  the  middle  and  lower 
part  of  the  formation  which  have  been  identified  as  species  characteristic 
of  the  Mohnian  stage  (Kleinpell,  1938),  upper  ]\Iiocene.  In  the  Eel  River 
section  some  samples  from  the  upper  part  of  the  Pullen  formation  were 
found  to  contain  foraminiferal  species  characteristic  of  the  lower  Plio- 
cene (Kleinpell,  1938).  No  diagnostic  microfauna  was  obtained  below 
these  samples  in  the  'Kel  River  section,  but  in  the  basal  sandstone  there 
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are  some  poorly  preserved  pelecypods.  Of  those  collected  Spondyhis  n.  sp. 
and  Andara  cf.  osmonti  (Dall)  have  been  identified.  While  not  diagnos- 
tic, those  forms  suggest  a  Miocene  age.  In  addition,  there  are  abundant 
diatoms,  radiolaria,  and  silicious  sponge  spicules  in  the  diatomaceous 
mudstone. 

The  above  data  indicate  that  the  lower  part  of  the  Pullen  formation 
is  as  old  as  upper  Miocene  (Mohnian),  and  the  upper  part  may  be  as 
young  as  loAver  Pliocene.  While  the  contact  with  the  overlying  Eel  River 
formation  is  apparently  disconformable,  the  evidence  does  not  make 
clear  whether  there  was  actually  elevation  of  the  Pullen  above  sea  level 
and  subaerial  erosion,  or  whether  the  overlying  conglomerate  simply  indi- 
cates the  development  of  shallow-water  conditions,  and  erosion  by  wave 
action.  The  fauna  above  and  below  the  lithologic  break  indicate  only  a 
limited  time  gap  for  this  event. 

Eel  River  Formation 

Overlying  the  Pullen  formation  in  the  southern  part  of  the  area  is  a 
series  of  dark  gray-black  mudstone,  siltstone,  and  sandstone.  Most  of 
the  sandstone  is  glauconitic,  as  are  some  of  the  finer-grained  sediments. 
The  lithological  top  of  the  unit  approximates  the  upper  limit  of  a  forami- 
niferal  assemblage  characteristic  of  the  Repetto.  The  type  section  is  that 
section  exposed  on  the  west  bank  of  the  Eel  River  near  Scotia ;  the  name 
Eel  River  is  proposed  because  of  the  excellent  exposures  at  this  locality. 
The  base  of  the  unit  can  be  mapped  between  the  coast  section  and  Eel 
River  because  of  a  distinctive  glauconitic  sandstone  and  conglomerate 
occurring  near  the  base.  The  conglomerate  may  mark  a  minor  discon- 
formity  between  the  Pullen  formation  and  the  Eel  River  formation ;  al- 
though no  angular  discordance  is  evident,  some  evidence  of  a  cut  surface 
on  the  Pullen  can  be  detected.  Foraminifera  of  the  upper  part  of  the  Pul- 
len indicate  that  deposition  was  in  deeper  water  than  is  indicated  by  the 
conglomerate  and  sandstone,  which  were  probably  deposited  under  shal- 
low marine  conditions.  It  is  possible  that  no  subaerial  erosion  took  place 
but  only  an  elevation  of  the  depositional  basin  and  local  submarine  wave 
cutting.  The  conglomerate  is  erratic  in  thickness  and  extent,  and  occurs 
as  lenses  in  the  glauconitic  medium-grained  sandstone.  It  is  well  exposed 
at  Eel  River,  Price  Creek,  and  in  the  coast  section.  Of  the  three,  the  Eel 
River  occurrence  is  the  most  spectacular.  In  most  places  the  conglom- 
erate, or  pebbly  sandstone,  includes  large  angular  to  subrounded  yel- 
low-weathering ferruginous  limestone  cobbles  or  boulders,  containing 
borings,  small  pea-sized,  polished,  rounded  chert  or  quartzite  pebbles, 
and  very  abundant  glauconite  pellets.  Limestone  nodules  and  lenses  of 
material  siniilar  to  the  material  making  up  the  cobbles  are  common  in 
the  Pullen  formation,  and  it  is  probable  that  the  Pullen  is  the  source 
of  the  fragments.  The  weathered  appearance,  slight  rounding,  borings, 
and  glauconitic  coating  all  point  to  erosion,  possibly  submarine,  and  a 
period  of  nondeposition.  The  sudden  appearance  of  the  small  reworked 
Franciscan  pebbles  in  this  part  of  the  section  must  be  the  result  of  some 
tectonic  activity  which  caused  erosion,  and  changed  the  environment, 
and  po.ssibly  the  source,  of  the  overlying  sediments.  Several  feet  above 
tiie  basal  conglomerate  in  the  coast  section  is  a  (i-i'oot  glauconitic  sand- 
stone which  contains  large  fragments  of  carbonized  wood  and  has  numei-- 
ous  casts  of  large  borings  (worms?),  both  indicative  of  shallow-water 
deposition.  Glauconitic  sandstones  are  common  throughout  the  forma- 
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tion  but  vary  greatly  in  abundance  in  different  parts  of  the  basin.  In  the 
coast  section  the  sandstones  in  the  lower  part  of  the  unit  only  are  glau- 
conitic,  while  at  Price  Creek  there  are  at  least  nine  important  glauconitic 
sandstone  members  distributed  throughout  the  section.  Some  of  the  glau- 
conitic sandstone  beds  are  at  least  40  percent  giauconite  and  are  dark 
green-black  in  color  wliere  freshly  exposed.  Typically  they  are  poorly 
sorted,  argillaceous,  fine  to  medium  grained,  and  have  low  porosity  and 
permeability.  The  members  usually  form  resistant  beds  which  may  be 
locally  lime-cemented.  In  addition  to  giauconite,  the  important  constitu- 
ents are  feldspar,  quartz,  rock  fragments,  and  the  clayey  bonding  ma- 
terial. When  weathered,  the  sandstone  becomes  streaked  with  a  rusty 
broA\ai  stain  and  ranges  from  dirty  tan  to  brown  in  color.  In  places  along 
ridge  tops  where  chemical  alteration  may  be  severe,  the  rocks  become 
streaked  and  veined  with  a  rusty  red-brown  limonite  gossan  developed 
by  the  alteration  of  the  giauconite.  All  variations  of  giauconite  percent- 
age and  grain  size  may  be  found.  Where  little  giauconite  is  present  in 
the  sandstone  only  a  slight  greenish  cast  is  observed  in  the  fresh  exposure. 
In  hand  specimen,  the  grains  can  usually  be  detected  with  a  hand  lens. 
It  is  common  to  find  that  the  grains  are  round,  smooth,  have  a  lack  of 
cleavage  or  other  crystalline  characteristics,  and  are  generally  larger 
in  size  than  the  associated  clastic  particles.  Some  glauconitic  mudstone 
beds  have  coarse,  sand-size  pellets  set  in  a  uniformly  fine  mud ;  one  such 
glauconitic  mudstone  in  Howe  Creek  contains  about  25  percent  giau- 
conite pellets  and  25  percent  foraminifera. 

In  addition  to  the  glauconitic  standstone  units  there  are  several  ar- 
gillaceous, feldspathic  sandstone  beds  in  the  upper  part  of  the  section. 
They  are  fine-grained,  range  from  a  few  inches  to  a  few  feet  in  thick- 
ness, are  friable  or  locally  calcareous,  and  are  gray  when  fresh  and 
weather  to  buff.  The  common  constituents  are  feldspar,  quartz,  rock  frag- 
ments, and  an  argillaceous  matrix.  Ferromagnesian  minerals  are  not 
abundant.  These  sandstone  units  have  a  fair  porosity  and  permeability 
and  could  serve  as  reservoir  rocks  for  petroleum. 

An  important  member  in  the  section  west  of  the  Wildcat  Kidge  Road 
is  a  white  rhyolitic  ash  bed,  which  ranges  in  thickness  from  a  few  inches 
to  as  much  as  6  feet  in  the  Woodland  Echo  Ranch  area.  The  ash  is  well 
sorted,  containing  principally  silt-size  grains,  and  is  white,  grading  to  off- 
white  as  clastic  impurities  increase.  Some  beds  contain  over  99  percent 
glass  shards.  The  variation  in  thickness  ma^^  be  partly  due  to  the  relative 
admixture  of  clastic  detritus.  Where  abundant  nonvolcanic  material  was 
deposited  contemporaneously,  the  glass  shards  become  few  in  number 
and  are  masked.  The  high  purity  of  as  much  as  4  feet  of  this  ash  in  local 
areas  is  remarkable  in  view  of  the  lack  of  voleanism  in  the  area  and  the 
probable  rapidity  of  deposition  of  the  clastic  material.  East  of  the  May- 
flower Ranch  the  bed  cannot  be  traced  although  a  few  ashy  streaks  may 
be  seen  in  the  same  part  of  the  section  and  some  of  the  siltstone  beds 
reveal  abundant  glass  shards  when  they  are  wet-sieved  for  foraminifera. 
To  the  northeast  of  Fortuna  in  the  undifferentiated  Wildcat  there  are 
exposures  of  a  thin  asli  of  similar  appearance  and  composition  about  350 
feet  above  the  base  in  Allen  Creek,  and  on  both  main  forks  of  Elk  River. 
The  presence  of  other  ash  beds  of  similar  composition  in  other  parts  of 
the  established  section  rule  against  accurate  correlation,  but  the  similarity 
of  appearance,  the  similar  fauna  in  associated  mudstone,  and  the  asso- 
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ciated  glauconitic  sediments  lead  the  writer  to  believe  that  the  ash  beds 
on  the  two  sides  of  the  basin  may  be  contemporaneous. 

Probably  over  70  percent  of  the  formation  is  mudstone  and  siltstoue. 
These  fiue-g:rained  sediments  are  noticeably  harder  and  tougher  when 
struck  with  a  hammer  than  those  of  the  Rio  Dell  formation.  Character- 
istically, they  weather  to  a  brownish-gray  color  and  may  have  a  rusty 
ferruginous  coating  on  the  weathered  fracture  surfaces.  This  coating 
probably  is  a  result  of  a  small  amount  of  glaucouite  in  most  of  the  mud- 
stone,  which  upon  weathering  forms  iron  oxide  that  leaches  out  and  pre- 
cipitates upon  the  weathered  surface.  The  mudstone  and  siltstone  are 
massive,  show  onion-skin  contraction  fracturing,  or  form  ovoid  or  nodular 
masses  when  exposed  on  the  surface  for  a  short  time.  When  very  fresh 
the  siltstone  is  dark  gray  and  the  mudstone  is  dark  gray  to  black.  Foram- 
inifera  are  common  in  many  parts  of  the  section  and  diatoms  are  locally 
abundant  in  the  lower  part  of  the  Eel  Eiver  formation  in  the  coastal 
area.  "Wet-sieved  samples  contain  numerous  glass  shards,  pyrite  aggre- 
gates, and  a  few  radiolaria  and  silicious  sponge  spicules,  as  well  as  foram- 
inifera,  diatoms,  and  glauconite  pellets  which  are  not  apparent  in  the 
hand  specimen.  Associated  wath  the  fine  elastics  are  a  few  creamy  yellow 
limestone  nodules  and  lenticular  beds.  Near  the  top  of  the  formation 
are  a  few  fragments  of  carbonized  wood. 

The  Eel  River  formation  was  mapped  chiefly  on  the  basis  of  the 
presence  of  glauconite.  In  well-exposed  sections  the  top  has  been  deter- 
mined as  the  beds  immediately  underhung  an  unconformity  (as  in  the 
coast  section),  or  as  the  beds  underlying  the  highest  thin  glauconite  bed 
which  in  most  places  appears  to  be  deposited  on  an  irregular  surface. 
On  the  coastal  cliffs,  the  basal  Rio  Dell  overlies  the  Eel  River  formation 
on  an  irregular,  cut  surface  with  a  discordance  of  about  5  degrees.  Glauco- 
nite is  present  at  the  base  of  the  Rio  Dell  formation  at  this  point.  The 
differences  in  strike  of  the  Eel  River  beds  and  the  Rio  Dell  beds  in  the 
Ferndale  quadrangle  also  give  evidence  of  discordance.  Although  the  Eel 
River  formation  can  be  distinguished  as  a  unit  in  some  places,  over  much 
of  the  area  there  is  onh'  deeply  weathered  mudstone  or  soil  derived  from 
mudstone.  However,  a  distinctive  foraminiferal  fauna  similar  to  that 
of  the  Repetto  formation  of  the  Los  Angeles  and  Ventura  basins  is 
found  in  the  Eel  River  mudstone;  therefore,  on  the  basis  of  its  fossil 
content,  rather  than  on  the  basis  of  distinctive  clastic  material,  some  of 
the  nondescript  mudstone  in  the  Wildcat  group  can  be  assigned  to  the 
Eel  River  formation.  In  the  northeastern  part  of  the  Fortuna  quad- 
i-angle,  where  exposures  are  very  poor  and  there  is  less  glauconite  in 
sediments  of  the  undifferentiated  Wildcat  which  are  faunally  equivalent 
to  the  Eel  River  formation,  it  has  not  been  possible  to  map  any  contact 
as  the  litliologic  top  of  the  Eel  River  formation ;  but  the  fauna  and 
lithology  of  the  beds  near  the  base  indicate  that  correlation  is  valid. 

As  mapped  in  the  southern  part  of  the  area  the  Eel  River  unit  forms 
a  northward-dipping  belt  of  varying  thickness  which  extends  from  the 
coast  southeastward  to  the  Eel  River  and  beyond.  Detailed  mapping 
east  of  the  Eel  River  was  not  attempted  but  reconnaissance  indicates 
tliat  the  unit  may  be  mapi)ed  across  an  anticlinal  fold  in  the  vicinity 
of  Elinor.  Owing  to  an  unconformity  the  upper  several  hundred  feet 
of  tlie  unit  are  not  i)i'esent  in  the  coast  section.  North  from  the  outcrop 
the  formation  also  displays  variations  in  thickness  in  the  subsurface 
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records.  In  The  Texas  Company  well  "Eureka"  1  at  Table  Bluff  there 
are  900  to  1,000  feet  of  Eel  River  sediments,  while  4  miles  to  the  south- 
east at  The  Texas  Company  well  "Eureka"  2  there  are  1,500  to  1,700 
feet  (Hughes,  Donald,  unpublished  notes).  In  the  northeastern  part  of 
the  quadrangle  equivalent  sediments  thin  and  are  overlapped  by  upper 
Pliocene  sediments  in  the  Freshwater  Creek  area.  Evidence  indicates 
that  there  is  a  rapid  thickening  from  this  "wedge  edge"  westward. 
To  the  north  of  the  Freshwater  area,  however,  the  unit  does  not  exist. 
A  well  drilled  by  Mr.  Spier  at  Brainard  Cut  (5  miles  north  of  the  Fresh- 
water Creek  area  in  the  Eureka  quadrangle)  in  1949  showed  only  upper 
Pliocene  foraminifera  to  within  at  least  200  feet  of  the  top  of  the  Fran- 
ciscan, which  was  found  at  a  depth  of  800  feet. 

Rio  Dell  Formation 

The  I\io  Dell  formation  is  the  thickest  unit  of  the  Wildcat  group,  and 
has  the  greatest  areal  extent.  Massive  mudstone,  alternating  thin  sand- 
stone and  mudstone,  phantom-banded  mudstone,  and  very  fine-grained 
sandstone  are  the  principal  lithologic  units.  In  the  coastal  area  three 
members  can  be  mapped  for  a  short  distance  to  the  east  and  the  contact 
between  the  upper  member  and  middle  member  mav  be  traced  east  of 
Wildcat  Ridge. 

The  upper  member  of  the  Rio  Dell  formation  consists  principally  of 
massive  mudstone  or  phantom-banded  mudstone,  siltstone,  and  a  few 
thin  sandstone  beds  and  thin  limy  beds.  Fecten  (Patinopecten)  caurinus 
Gould  is  common  throughout,  and  foraminifera  characteristic  of  the 
upper  Pico  are  locally  abundant.  A  10-ineh  impure  ash  bed  is  exposed 
in  the  sea  cliff  1,050  feet  above  the  base  of  this  upper  member;  at  the 
base  in  the  coast  section  is  a  massive,  dark  gray  siltstone  containing 
abundant  white  tubelike  or  elliptical  forms  which  may  be  worm  tubes 
or  some  form  of  Batliy siphon.  The  siltstone  overlies  a  slightly  irregular 
surface  cut  into  the  upper  beds  of  the  middle  member.  No  discordance  can 
be  noted.  The  contact  mapped  between  the  top  of  the  upper  member  and 
the  base  of  the  Scotia  Bluffs  sandstone  is  arbitrary ;  the  writer  has  fol- 
lowed the  practice  of  mapping  the  top  of  the  Rio  Dell  as  the  rocks  below 
the  lowest  massive,  buff-weathering  sandstone  of  the  Scotia  Bluffs  sand- 
stone, but,  because  of  the  lenticular  nature  of  the  massive  sandstone  units, 
this  contact  may  be  relatively  higher  or  lower  in  the  section  in  various 
parts  of  the  area.  East  of  Williams  Creek  the  upper  part  of  the  Rio  Dell 
becomes  somewhat  more  silty,  and  at  Price  Creek  there  are  numerous 
very  fine-grained  silty  sandstones  interbedded.  Near  Weymouth  Inn, 
on  Price  Creek,  these  uppermo.st  beds  dip  steeply  to  the  north  or  are 
overturned.  Between  the  exposures  on  the  Eel  River  near  the  mouth  of 
Price  Creek  and  the  next  exposures  to  the  east  of  Scotia  Bluffs — a  dis- 
tance of  4  miles — the  lithology  changes ;  the  general  trend  is  an  increase 
of  very  fine-grained  silty  sandstone  and  siltstone,  and  an  important 
increase  of  mollusks.  The  upper  Rio  Dell  in  the  Scotia  Bluffs  area  is 
famous  for  the  abundance  of  Pelecypods,  which  occur  in  great  concen- 
trations in  certain  layers.  Many  of  the  fossiliferous  beds  are  several 
inches  thick  and  are  resistant  because  they  have  been  cemented  by  lime. 
Tj^pical  fossils  are  Pecten  (Patinopecten)  caurinus  Gould,  SecureUa 
staleyi  (Gabb),  Cardium  (Cerasfoderma)  mcekiunum  Gabb,  and  Pse- 
phidia  lordi  var.  harharensis  Arnold. 
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The  middle  member  in  tlie  coast  section  is  a  striking  lithologic  unit 
composed  of  rhythmically  alternating-  thin  fine-grained  sandstone  and 
mudstone  or  siltstone.  Near  the  upper  part  of  this  unit  in  the  coast 
section  and  at  Wildcat  Ridge  are  50  to  100  feet  of  diatomaceous  mud- 
stone  and  siltstone.  Locally  the  diatoms  are  concentrated  and  form  thin 
white  laminations.  East  of  the  coast  section  the  lower  part  of  the  middle 
member  becomes  less  distinct  because  of  the  increase  in  amount  of  the 
finer-grained  sediments,  and  at  the  Wildcat  Ridge  road  differentiation 
of  the  lower  and  middle  members  is  not  possible.  In  the  area  between 
Wildcat  Ridge  and  Scotia  rapid  changes  in  lithology  are  common.  Alter- 
nating lenticular  sandstone  beds  become  less  numerous  and  massive  mud- 
stone  beds  are  more  abundant  in  the  Rio  Dell-Scotia  area.  Fossils  are 
generally  less  common  in  the  middle  member  than  in  the  upper  part  of 
the  Rio  bell. 

The  lowest  member  in  the  coast  section  is  made  up  of  siltstone  units 
and  a  few  thin  sandstone  beds  in  the  upper  part  and  more  numerous 
alternating  sandstone  beds  in  the  lower  part.  Pelecypods  are  rare,  but 
the  common  foraminifera  may  be  correlated  closely  with  those  of  the 
lower  Pico.  In  the  lower  part  of  the  Rio  Dell  east  of  Wildcat  Ridge  there 
are  a  few  friable,  fine-grained  sandstone  beds  several  feet  thick,  but 
much  of  the  section  is  mudstone  or  siltstone  with  only  a  few  thin  sand- 
stone zones.  The  base  chosen  is  a  thin  glauconitic  mudstone  or  fine- 
grained sandstone  overlying  a  cut  surface  of  upper  Eel  River  formation 
mudstone.  Foraminiferal  samples  indicate  that  the  upper  limit  of  most 
of  the  Eel  River  foraminifera  is  approximately  the  base  of  the  Rio  Dell 
lithologic  unit.  Some  samples,  however,  contain  species  whose  range  is 
greater  than  indicated  in  the  coast  section.  It  can  be  shown  that  the 
Rio  Dell  formation  thins  to  the  north  and  contains  more  sandstone  in 
the  outcrops  in  the  Ferndale  Hills  than  in  the  Tompkins  Hill  gas  field, 
where  alternating  sandstone  beds  from  the  middle  part  of  the  formation 
are  important  reservoir  rocks. 

Rocks  equivalent  to  the  Rio  Dell  form  an  appreciable  part  of  the  out- 
crop area  mapped  as  undifferentiated  Wildcat  in  the  northeastern  part 
of  the  Fortuna  quadrangle.  Siltstone  predominates  over  sandstone  in 
this  area.  Faunal  evidence  indicates  that  sediments  equivalent  to  the 
upper  part  of  the  Rio  Dell  overlap  and  mask  older  units  of  the  Wildcat 
group. 

The  Rio  Dell  mudstone  is  typically  dark  gray  when  fresh,  but  weathers 
to  various  shades  of  buff  and  light  gray.  Onion-skin  weathering,  or  an 
intricate  system  of  cross  fracturing  is  usual.  The  rocks  are  generally 
softer  than  mudstones  of  the  Eel  River  and  Pullen  formations.  Mechan- 
ical analyses  show  that  silt-sized  particles  form  an  appreciable  percentage 
of  the  total  volume.  Some  of  the  mudstone  in  the  upper  part  of  the  for- 
mation locally  contains  carbonized  wood  fragments.  The  mudstone  may 
form  considerable  thicknesses  of  massive  outcrop  with  little  or  no 
visible  bedding,  or  may  be  interbedded  with  thin  fine-grained  sandstone 
or  siltstone  beds.  The  term  "phantom-banded  mudstone"  has  been  useil 
by  the  writer  for  these  mudstone  and  thin  siltstone  units  which  sliow 
very  slight  rliythmic  alternations  of  grain  size. 

Siltstone  beds  are  light  gray,  slightly  porous  and  moderately  com- 
pact; some  are  micaceous.  Locally  the  siltstone  is  well  cemented  with 


1953]  STRATIGRAPHY  33 

calcium  carbonate  and  more  resistant  lenses  or  nodules  weather  out  on 
exposed  surfaces.  Many  of  the  limy  areas  are  closely  associated  with 
molluscan  fossils. 

The  sandstone  beds  of  the  Kio  Dell  formation  are  poorlj'  sorted,  fine 
grained  to  very  fine  grained,  light  gray,  friable  to  slightly  compact, 
argillaceous  and  feldspathic.  Weathered  exposures  may  be  light  gray 
to  pale  buff.  The  basal  few  inches  of  the  Rio  Dell  may  be  glauconitic 
mudstone  or  sandstone  and  a  few  pebbles,  but  the  lack  of  glauconite 
elsewhere  is  one  of  the  characteristics  of  the  sandstones  of  this  unit. 

The  one  conglomerate  in  the  formation  is  exposed  along  the  west 
bank  of  the  Eel  River  north  of  the  mouth  of  Howe  Creek,  NE^NEI 
sec.  34,  T.  2  N.,  R.  1  W.  It  is  present  in  the  scar  cut  by  a  large  slide 
into  Eel  River,  and  large  boulders  of  the  conglomerate  form  a  riffle  across 
Eel  River  at  this  point.  Where  seen  in  place,  there  is  a  lenticular  bed  of 
silty  to  sandy  conglomerate  which  ranges  from  6  to  10  feet  in  thickness. 
The  pebbles,  which  average  1  inch  in  diameter,  are  Franciscan  types 
common  in  the  Carlotta  formation  several  thousand  feet  higher  in  the 
section.  Some  of  the  conglomerate  is  abundantly  fossiliferous,  and 
much  of  it  is  hard.  Carbonized  wood  fragments  several  inches  long  are 
locally  abundant.  The  conglomerate  is  deposited  on  an  irregular  surface 
of  massive  dark  gray  mudstone  and  grades  upward  into  fine  siltstone. 
It  cannot  be  traced  along  the  strike  to  the  east  because  of  the  alluvial 
covering,  and  to  the  west  it  is  masked  by  terrace  deposits.  Conglomerate 
has  not  been  observed  at  a  similar  stratigraphic  position  anywhere  else 
in  the  area,  and  it  is  assumed  that  this  one  large  lens  may  represent  a 
local  shallow  water  condition,  or  may  be  the  result  of  turbidity  currents. 
The  cut  surface  is  probably  a  result  of  submarine  erosional  processes.  The 
formation  in  general  thins  to  the  north,  east,  and  southeast  from  the 
maximum  thickness  exposed  in  the  Price  Creek  and  Eel  River  areas. 

Scotia  Bluffs  Sandstone 

The  upper  part  of  the  Wildcat  group  is  predominantly  coarse  elastics. 
The  lower  sandy  phase  has  been  mapped  as  the  Scotia  Bluffs  sandstone 
and  the  upper  conglomeratic  part  as  the  Carlotta  formation.  The  contact 
between  the  two  is  gradational,  but  for  the  most  part  the  sediments  of 
the  two  units  are  distinct  in  the  southern  part  of  the  area.  Much  of  the 
Scotia  Bluffs  sandstone  was  deposited  under  shallow  marine  conditions 
while  practically  all  of  the  Carlotta  is  nonmarine  or  brackish-water 
sediment.  The  best  exposures  of  the  two  units  are  in  the  Eel  River- Van 
Duzen  River  area.  To  the  west,  in  the  Wildcat  Ridge  section,  the  upper 
part  of  the  Carlotta  formation  is  not  exposed,  and  the  lower  part  is 
noticeably  more  sandy  than  the  lower  Carlotta  of  the  Eel  River  area. 
For  this  reason  geologists  working  for  The  Texas  Company  used  the 
term  "Ferndale  sandstone"  for  the  sandstone  and  conglomerate  in  the 
section  along  Wildcat  Ridge,  and  the  term  has  entered  the  literature 
(MacGinitie,  1943;  Trask  and  Patnode,  1942).  However,  the  two  are 
mappable  as  units,  and  the  name  ' '  Scotia  Bluffs  sandstone ' '  is  proposed 
for  the  lithologic  unit  exposed  in  the  Eel  River  section  immediately 
overlying  the  Rio  Dell  formation  and  underlying  the  Carlotta  formation. 
The  name  is  well  suited  because  of  the  easily  accessible,  impressive  ex- 
posures of  this  unit  in  the  cliffs  at  Scotia  Bluffs  east  of  Rio  Dell. 
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The  base  of  the  Scotia  Bluffs  formation  is  the  lowest  massive,  buff- 
weathering,  fine-grained  sandstone,  and  the  top  is  the  sandstone  imme- 
diately below  the  lowest  massive  pebble-to-cobble  conglomerate. 

The  most  characteristic  feature  of  the  formation  is  the  massive  fine- 
grained sandstone.  When  fresh,  the  rock  is  gray,  moderately  well  sorted, 
and  shows  little  indication  of  any  bedding.  Although  friable,  the  sand- 
stone has  a  certain  compactness,  which,  coupled  with  the  relative  resist- 
ance to  chemical  decomposition  of  many  of  the  grains,  enables  it  to 
form  bold  cliffs  and  ledges  which  stand  out  in  strong  contrast  to  the 
sediments  of  the  lower  units  of  the  Wildcat  group.  Feldspar,  quartz, 
and  rock  fragments  are  the  principal  constituents.  Locally  biotite  is 
common,  and  argillaceous  material  and  a  small  percentage  of  heavy 
minerals  are  present.  The  grains  are  angular  to  subangular  and  the  beds 
have  a  high  porosity  and  permeability.  Although  too  high  in  the  section 
to  be  useful  as  an  oil-reservoir  rock  in  most  structures,  the  sandstone 
may  be  an  important  aquifer  in  the  Eel  River  Valley.  When  weathered, 
the  rock  is  buff  to  light  brown  and  may  be  coated  with  a  brown  moss. 

From  Price  Creek  westward  the  Scotia  Bluffs  contains  two  siltstone- 
mudstone  members.  These  are  rarely  well  exposed.  Some  fine-grained, 
softer,  silty  sandstone  beds  are  included.  The  siltstone  and  mudstone 
are  similar  to  those  in  the  Rio  Dell  formation,  except  that  they  are 
somewhat  more  carbonaceous.  They  contain  some  foraminifera  charac- 
teristic of  shallow-water  environment.  It  has  been  postulated  by  Stewart 
and  Stewart  (1949)  and  by  Hughes  (unpublished  notes,  1946)  that 
this  microfauna  suggests  correlation  with  uppermost  Pico,  Santa  Bar- 
bara, or  lower  Pleistocene.  In  the  Eel  River  section  pelecypods  are 
numerous  in  the  lower  part  of  the  formation.  The  most  common  are 
Cardium  (Cerastoderma)  meekianum  Gabb,  and  Psephidia  lordi  var. 
harharensis  Arnold.  Limy  beds  are  associated  with  the  fossils  and  often 
serve  to  emphasize  the  bedding.  The  most  important  fossil  is  the  echinoid 
Anorthoscutum  oregonense  Howe,  which  forms  a  few  thin  layers  in  the 
sandstone  about  600  feet  above  the  base  in  the  Eel  River  section,  and  has 
been  found  in  the  same  stratigraphic  position  elsewhere.  A  few  thin 
pebble  lenses  and  trains  appear  in  the  sandstone  at  approximately  the 
Anorthoscutum  horizon,  and  locally  sandy,  pebbly  conglomerate  beds 
form  lenses  a  few  feet  in  thickness.  Associated  with  these  in  the  Eel  River 
section  are  a  few  feet  of  blue-gray  carbonaceous  claj^stone  containing 
several  carbonized  tree  stumps.  Similar  claystone  is  not  present  to  the 
west.  The  echinoids  are  the  marine  fossils  seen  highest  in  the  section,  and 
the  carbonaceous  claystone  may  mark  the  beginning  of  the  essentially 
nonmarine  deposition.  Above  this  are  more  massive  sandstone  beds  and 
an  increasing  number  of  clay  beds  and  pebble  conglomerate.  The  top  is 
chosen  as  the  sandstone  underlying  a  20-foot-thick,  massive,  unsorted, 
strongly  outcropping  cobble  conglomerate  exposed  at  the  Circle  R  Ranch 
near  Metropolitan.  At  Wildcat  Ridge  road  a  50-foot  cobble  conglomerate 
immediately  overlies  this  formation. 

The  Scotia  Bluffs  sandstone  generally  crops  out  south  of  Fortuna 
only.  It  has  been  cored  in  the  wells  drilled  by  The  Texas  Company  in 
the  Tompkins  Hill-Table  Bluff  area,  and  north  of  Ilydesville.  Very 
little  if  any  sandstone  of  similar  nature  is  mapped  with  the  undifferen- 
tiated Wildcat  because  of  its  relatively  high  stratigraphic  position  and 
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because  of  structural  conditions.  It  is  not  possible  to  differentiate  the 
Carlotta  and  Scotia  Bluffs  accurately  in  well  cores.  In  the  Tomkins  Hill, 
Humboldt  Hill,  and  Pine  Hill  areas  the  sandstone,  claystone,  and  con- 
glomerate beds  underlying  the  Hookton  formation  have  been  mapped  as 
Carlotta,  although  they  may  be  at  least  partly  equivalent  to  the  upper 
part  of  the  Scotia  Bluffs  sandstone. 

In  the  Eel  River  section  approximately  2,100  feet  of  Scotia  Bluffs  sand- 
stone are  exposed,  while  at  Wildcat  Ridge  only  1,800  feet  are  exposed. 
The  unit  thins  to  the  north,  but  maintains  a  nearly  equivalent  thickness 
to  the  south  and  east.  Near  Centerville  Beach  the  formation  is  uncon- 
formably  overlain  and  overlapped  by  the  tilted  terrace  deposits  of  the 
Hookton  formation  for  approximately  a  mile  along  strike,  and  the  mas- 
sive sandstone  beds  are  not  seen  in  the  coast  section.  Stewart  and  Stewart 
(1949)  included  the  orange-colored  alternating  thin  sandstones  and 
pebble  conglomerates  of  the  Hookton  formation  in  their  measured  coast 
section  of  the  Wildcat. 

Carlotta  Formation 

The  Carlotta  formation,  composed  predominantly  of  nonmarine  con- 
glomerate, sandstone,  and  claystone,  is  the  uppermost  unit  of  the  Wildcat 
group.  The  contact  between  the  Carlotta  and  Scotia  Bluffs  is  gradational 
and  may  transgress  time  lines  in  any  direction.  The  principal  distribu- 
tion of  the  Carlotta  is  in  the  trough  of  the  major  Eel  River  syncline,  and 
in  the  western  part  of  the  Fortuna  quadrangle,  where  some  of  the  sedi- 
ments may  be  seen  beneath  the  capping  of  Hookton.  Bast  of  the  Fortuna 
quadrangle  the  formation  crops  out  for  a  distance  of  about  3  miles.  The 
westward  plunge  of  the  Cenozoic  structures  and  the  Little  Salmon  Creek 
fault  limit  the  eastern  extent.  Similar  continental  beds,  which  may  be 
the  same  age,  are  found  elsewhere  in  Humboldt  County  in  the  troughs  of 
synclines  near  Korbel,  and  southeast  of  Garberville.  The  formation  is 
largely  obscured  in  the  Eel  River  Valley  area  by  the  alluvium  of  the 
valley,  various  terrace  deposits,  and  the  Hookton  formation.  There  are  a 
few  isolated  exposures  of  beds  believed  to  be  equivalent  to  the  Carlotta 
formation,  as  mapped  in  the  southern  outcrops,  which  may  be  seen  at  the 
base  of  the  cliff  at  Buline  Point  at  low  tide,  near  Swain  Slough,  north  of 
Beatrice,  and  north  of  Fields  Landing.  Data  from  both  water  wells  and 
oil  wells  indicate  that  the  Carlotta-Scotia  Bluffs  units  extend  as  far  north 
as  Humboldt  Hill,  but  the  two  formations  cannot  be  differentiated  on  the 
basis  of  well  logs.  All  available  data  indicate  that  the  Carlotta  has  more 
shallow  marine  clay  and  less  conglomerate  in  the  northern  part  of  the 
area.  The  thickness  of  the  unit  is  not  well  established  because  the  upper 
part  is  obscured  or  eroded  in  most  of  the  area.  In  the  most  complete  sec- 
tion, the  Eel  River  section,  the  writer  has  measured  and  calculated  a 
thickness  in  excess  of  3,300  feet,  although  it  is  probable  that  the  unit 
thins  considerably  north  and  west  of  this  section.  The  areas  where  the 
typical  conglomerates  may  be  best  observed  and  where  the  section  is 
thickest  are  the  forested  areas  north  and  south  of  Van  Duzen  River  in 
the  vicinity  of  Carlotta. 

As  the  most  important  outcrops  of  the  Carlotta  formation  are  near  the 
small  town  of  Carlotta,  this  has  been  chosen  as  the  type  section.  No  com- 
plete, well-exposed  section  exists,  but  by  piecing  together  available  ex- 
posures along  the  logging  roads,  small  stream  cuts,  and  cliff's  formed  by 
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Formation 


Number 


Sand 

size 

(percent) 


Silt 

size 

(percent) 


Clay 

size 

(percent) 


Hookton 

Carlotta 

Scotia  Bluffs 

Rio  Dell 

Eel  River 

Pullen 

Wildcat  (undifferentiated) 


1)80-S50  sdst. 
2)80-S51  sdst. 
3)80-S.'32  slst. 
4)80-S55  slst. 

5)80-S60  cist. 
6)80-S61  sLst. 
7)S35-3*  sdst. 
8)S35-4*  ash. 
9)80S62  ash. 
10)80-863  sdst. 

11)80-820  sd. 
12)835-3*  sdst. 

13)80-880  sdst. 
14)80-881  ash. 
15)BAO20  cl. 

16)80-890  ash. 
17)BA023mdst. 

18)80-895  sdst. 
19)80-896  sdst. 
20)80-897  sdst. 
21)80-899  sdst. 

22)BA062mdst. 
23)BA065mdst. 
24)BA073nidst. 
2.5)BA071mdst. 
26)80-898  ash. 
27)835-1*  slst. 


82.5 
79 
21 
26 


0 

1 
69. 
14. 
13 
63 

46 
80. 

68 
3 
11 

6 
19 

69 
59 

72 
64 

17 
10 
9 
8 
0 
11 


7.2 
12 
54 
47 

44 
65 

8.2 
38.5 
80 
23 

33 
3.6 

22 
65 
46 

74 
43 

19 
26 
18 
22 

54 
55 
62 
62 
66 
31 


10.3 
9 
25 
27 

56 
34 
12.4 
47.2 

7 
14 

21 
15.9 

10 
32 
43 

20 
38 

12 
15 
10 
14 

29 
35 

29 
30 
34 
59 


Composition  of  sandstones  of  Wildcat  group 


Sample 


dspar 

Rock 
fragments 

Quartz 

Hbde 

Glaucon- 
ite 

21 

45 

19 

6 

21 

55 

16 

2 

20 

41 

23 

8 

15 

23 

35 

'biot.-chlor.- 

12 
clay 

26 

23 

28 

15 

Other 

minor 

minerals 

and  clay* 


S35-3  (Carlotta) 

S35-2  (Scotia  Bluffs). 
S35-5  (Scotia  Bluffs). 
80-3100  (Eel  River).. 


80-396  (Pullen). 


9 

6 

8 

15 

other 

minor 

7 


*  Other  minor  minerals  average  about  3  to  5  percent,  the  remainder  being  clayey  material. 
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the  resistant  conglomerates,  a  satisfactory  estimate  of  the  lithologic  fea- 
tures and  stratigraphic  relationships  can  be  obtained. 

The  conglomerate  beds  stand  out  in  places  as  strong  outcrops,  not  be- 
cause of  their  cementation,  but  because  of  the  contained  rock  fragments. 
Most  of  the  claystone  beds  weather  rapidly  and  form  slides.  Interbedding 
of  the  two  often  results  in  undercutting  of  the  claystone  followed  by  the 
dropping  down  of  masses  of  the  loosely  compacted  conglomerate;  this 
finally  results  in  sheer,  vertical  cliffs  100  feet  or  more  high.  Sorting  of 
the  conglomerate  is  poor.  Fragments  may  range  in  size  from  boulders  of 
sandstone  8  inches  in  diameter  to  fine  interstitial  sand,  silt,  and  clay. 
Many  outcrops  show  a  ferruginous,  brown  coating  on  some  pebbles — a 
result  of  secondary  alteration  and  precipitation  of  iron  oxides,  or  of  iron 
oxide  precipitation  at  the  time  of  deposition.  The  ferruginous  substance 
is  abundant  enough  in  places  to  bind  the  grains  together  to  form  a  hard, 
resistant  rock.  The  grains  range  from  large  subangular  Franciscan  and 
Yager  sandstone,  Franciscan  chert,  basalt,  serpentine,  and  schist  frag- 
ments, to  well-rounded  small  pebbles  formed  from  porphyry,  black  chert, 
quartzite,  and  schist.  The  source  of  the  rounded  material  is  probably  the 
conglomerate  beds  of  the  Franciscan  and  Yager  formations.  Red  radio- 
larian  chert  pebbles  are  especially  common.  In  numerous  pebble  counts 
the  Franciscan  and  Yager  sandstone  cobbles  were  found  to  be  most 
abundant ;  next  in  abundance  were  red  and  green  chert,  glaucophane  and 
related  schist,  basalt,  and  serpentine.  The  conglomerate  beds  in  places  are 
massive  for  thicknesses  of  30  feet  or  more.  An  indication  of  bedding  is 
given  by  small  thin  lenses  of  sandstone  or  a  very  slight  gradation  of  grain 
size  of  cobbles.  Channeling,  rapid  gradation,  and  lensing  are  also  typical 
of  some  beds.  In  the  lower  part  of  the  formation  the  conglomerate  is 
interbedded  with  medium-grained,  massive,  friable,  brown-weathering 
sandstone.  The  contact  between  the  members  appears  to  be  gradational. 
In  the  middle  and  upper  part  of  the  unit  the  conglomerate  is  interbedded 
with  blue-gray  claystone.  Typically  the  conglomerate  lies  on  an  irregu- 
larly cut  surface  of  claystone.  Troughs  cut  2  feet  or  more  into  the  clay- 
stone are  common.  These  probably  represent  a  change  from  quiet  water, 
marshy  or  mudflat  depositional  conditions  to  erosion  by  stream  chan- 
neling with  concurrent  deposition  of  coarse  elastics  by  aggrading  streams. 

Most  of  the  massive  conglomerate  beds  grade  up  into  a  few  feet  of 
coarse  to  fine  sand,  which  grades  to  fine  gray  silt  and  claystone.  The  clay- 
stone is  blue-gray,  compact,  tough  and  normally  somewhat  carbonaceous. 
The  grain  size  is  exceedingly  fine.  Some  silt  beds  show  fine-scale  cross- 
bedding.  There  are  a  few  thin  lignite  beds  interbedded  with  the  clay- 
stone, and  some  large  limbs,  trunks,  and  stumps  of  carbonized  wood.  Some 
stumps  with  partial  root  systems  are  inverted  to  the  bedding  or  lie  on 
their  sides.  It  is  probable  that  the  stumps  and  other  debris  were  trans- 
ported to  the  site  of  deposition,  became  water-logged,  and  sank  into  the 
soft  material.  A  few  thin  leaf-bearing  siltstone  beds  were  found  along  a 
logging  road  cut  in  the  SEiSW-l-  sec.  36,  T.  2,  R.  1  W.,  H.  D.  T.  Axelrod 
identified  the  plant  remains  as  species  of  willow,  and  suggested  that  the 
trees  might  liave  lived  on  the  margins  of  a  lake  or  back  swamp.  Numerous 
localities  yield  thin  beds  of  reeds  which  substantiate  the  swampy  environ- 
ment. 
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The  massive  sandstone  beds  are  generally  dirtier  than  the  typical 
sandstone  of  the  Scotia  Bluffs  formation,  coarser  in  grain  size,  and 
weather  to  a  brown  color.  While  less  abundant  than  the  conglomerate 
beds  in  the  Eel  River — Van  Duzen  area,  the  sandstone  beds  make  up  the 
greater  part  of  the  exposed  section  in  the  Wildcat  Ridge  area.  Some 
irregular  pebbles  and  clots  of  Tertiary  siltstone  are  present  in  part  of  this 
sandstone. 

White  volcanic  ash  beds  occur  at  two  localities  within  the  Carlotta 
formation.  One  is  in  the  Wildcat  Ridge  section,  about  170  feet  above 
the  base  as  exposed  along  the  Wildcat  Ridge  road ;  it  consists  of  about 
6  feet  of  light  gray  to  off-wiiite  impure  ash.  The  ash  is  interbedded  with 
massive  sandstone  and  siltstone  and  appears  to  have  been  water-laid. 
It  cannot  be  traced  beyond  this  exposure  in  the  road  cut  and  has  not  been 
seen  in  other  parts  of  the  area.  The  second  ash  bed  was  exposed  in  1949 
along  U.  S.  Highway  101  near  the  center  of  sec.  29,  T.  4  N.,  R.  2  W.,  H., 
by  a  local  slump  but  was  obscured  in  1950  by  further  slippage.  About  a 
foot  of  friable,  coarse,  silt-size,  white,  rather  pure  ash  is  interbedded 
with  mudstone,  friable  coarse-grained  sandstone,  and  a  6-inch  lignite 
bed.  Because  terrace  deposits  and  the  Hookton  formation  cap  surround- 
ing areas,  the  tuff  cannot  be  traced.  An  ash  bed  2  feet  in  thickness  inter- 
bedded with  similar  material  is  described  by  Laizure  (1925)  "on  the 
property  of  the  Ilanify  Tjumber  Company,  4  miles  south  of  Elk  River." 
The  writer  was  not  able  to  find  this  locality,  but  it  may  be  the  same  bed 
or  another  bed  in  the  same  part  of  the  section. 

At  a  few  scattered  localities  there  are  thin  lenses  containing  marine 
pelecypods.  All  of  the  forms  could  have  lived  in  bays  or  waters  of  low 
salinity.  One  whale  jaw  fragment  was  found  (SW^  SW|  sec.  9,  T.  2  N.,  R. 
1  E.,  H.)  in  a  conglomerate  bed  in  a  logging  road  cut.  The  fossils  identi- 
fied are  not  diagnostic  of  age  but  they  give  some  information  as  to  en- 
vironment. Most  of  the  species  are  living  today ;  many  are  species  which 
range  from  at  least  Pliocene  to  Recent,  and  some  are  typical  of  Pleis- 
tocene deposits  of  other  areas  in  California.  The  fauna  and  flora  noted 
in  beds  believed  to  be  Carlotta  are  typical  of  that  unit  and  different 
from  the  assemblages  found  in  the  Scotia  Bluffs  and  Rio  Dell.  The  writer 
interprets  the  very  thin  lenses  of  marine  or  brackish  water  pelecypods 
as  being  a  result  of  minor  encroachment  of  saline  waters  onto  a  broad 
flood  plain  bordering  a  bay  or  estuary.  The  great  bulk  of  the  sedimenta- 
tion, however,  was  nonmarine.  The  age  is  open  to  question  but  strati- 
graphic  position  and  meager  faunal  evidence  suggest  that  at  least  part 
of  the  unit  may  be  as  young  as  lower  Pleistocene. 

In  many  parts  of  the  area  the  formation  is  overlain  by  alluvium  or 
terrace  deposits.  In  the  Hydesville,  Tompkins  Hill,  Humboldt  Hill,  and 
Pine  Hill  areas  the  Hookton  formation  overlies  the  unit  with  angular 
unconformity.  However,  because  the  post-Hookton  fold  axes  coincide 
generally  with  the  post-Carlotta  fold  axes,  there  is  only  slight  discord- 
ance in  these  particular  areas.  One  of  the  greatest  problems  of  field 
mapping  in  this  area  centers  around  differentiation  of  some  weathered 
Carlotta  sediments  from  the  Hookton  sediments. 

The  writer  is  uncertain  as  to  the  precise  contact  in  some  timbered 
areas  in  the  Pine  Hill  region.  Usually  the  Hookton  clay  and  conglom- 
erate can  be  recognized  by  a  characteristic  yellow  color  which  is  quite 
different  from  the  brown,  ferruginous  stain  seen  in  Wildcat  sediments. 
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Part  of  the  difficulty  in  the  northern  area  is  that  both  the  Carlotta  and 
Hookton  appear  to  have  become  finer-grained  and  both  show  marine 
interfingering,  while  to  the  south  they  are  respectively  coarser  in  grain 
and  are  nonmarine.  Typically,  the  Carlotta  claystone  is  more  compact, 
blue-gray  and  carbonaceous,  whereas  the  Hookton  clay  is  plastic  when 
moistened,  yellow,  bluish-gray  or  greenish-gray,  and  contains  numerous 
root  tubes.  The  Carlotta  conglomerate  is  generally  massive,  coarser,  and 
has  fragments  bonded  by  clay  and  ferruginous  cement;  the  Hookton 
lenses  are  thinner,  and  show  little  bonding  of  grains. 

At  Buhne  Point  there  is  exposed  the  only  outcrop  of  Carlotta  along 
the  margins  of  Humboldt  Bay.  Lower  beds  of  mudstone,  interbedded 
sandstone,  and  pebbly  sandstone  which  strike  generally  north  and  dip 
14°  E.  are  overlain  unconformably  by  j'-ellow  and  greenish-gray  silt, 
clay,  sand,  limonite-cemented  pebbles,  and  a  lignite  bed,  which  strike 
northwest  and  dip  about  8°  N.  The  lower  beds  contain  Ostrea  lurida 
(Conrad),  which  is  also  found  in  the  Carlotta  in  Deering  Gulch,  and 
near  Swain  Slough.  This  species  is  not  found  at  any  other  part  of  the 
section.  From  the  stratigraphic  relations,  structural  position,  and  in- 
cluded fossils  the  writer  concludes  that  the  lower  beds  at  Buhne  Point 
and  the  isolated  exposure  at  Swain  Slough  are  equivalent  to  the  Carlotta. 

Undifferentiated  Wildcat 

Most  of  the  Wildcat  group  northeast  of  the  Yager-Little  Salmon  Creek 
faults  has  been  mapped  as  undifferentiated  Wildcat,  because  of  the 
dense  vegetation,  poor  exposures,  inaccessibility  of  much  of  the  area,  and 
general  lack  of  distinctive  lithology.  The  eastern  part  of  the  region  has 
only  a  thin  veneer  of  Wildcat  sediments,  which  dip  regionally  to  the 
west  at  a  gentle  angle.  Because  of  the  structural  features  only  a  few 
hundred  feet  of  section  are  actually  exposed  over  a  large  area  of  surface 
outcrop  in  the  area  northeast  of  Salmon  Creek.  Foraminiferal  samples 
indicate  that  there  is  a  very  thin  sequence  of  lower  Pliocene  sediments 
in  the  upper  Elk  River  area  which  is  overlapped  by  upper  Pliocene  beds 
on  the  upper  North  Fork  of  Elk  River  (at  the  east  edge  of  the  Fortuna 
quadrangle)  and  in  the  Freshwater  Creek  area.  Either  none  of  the  middle 
Pliocene  sediments  are  present  in  this  area,  or  they  are  very  thin.  In  the 
northeastern  area  the  beds  equivalent  to  the  Eel  River  formation  are 
probably  less  than  80  to  100  feet  thick,  and  the  maximum  thickness  of 
the  upper  Pliocene  beds  is  less  than  700  feet — in  most  places  less  than 
400  feet  as  exposed.  West  of  the  Little  South  Fork  of  Elk  River  the 
prism  of  sediments  thickens  rapidly  to  the  west  and  foraminiferal 
evidence  indicates  that  a  more  complete  section  is  present.  In  the  New- 
burg  syneline  south  of  Salmon  Creek,  faunal  evidence  suggests  that  part 
of  the  middle  part  of  the  Wildcat  group  has  thinned  considerably  or  is 
not  present. 

The  lithology  of  the  undifferentiated  Wildcat  is  somewhat  similar  to 
that  of  the  formations  previously  described  except  that  there  is  gener- 
ally less  sandstone  and  more  siltstone.  In  the  Salmon  Creek  and  Elk 
River  area  glauconitie  beds  with  associated  Repetto  foramiuifera  may  be 
seen  near  tlie  base  of  the  Wildcat.  A  thin  ash  bed,  present  about  850  feet 
above  the  base  in  several  exposures,  may  be  continuous.  A  prominent 
basal  conglomerate  or  pebbly  sandstone  is  present  in  many  of  the  ex- 
posures on  Elk  River  and  near  the  forks  of  Freshwater  Creek.  In  sec. 
36,  on  a  small  branch  of  the  North  Fork  of  Elk  River,  locally  called  Doe 
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Creek,  there  are  boulders  of  Franciscan  schist  up  to  35  feet  in  greatest 
dimension,  and  many  smaller  boulders  of  Franciscan  schist  and  sand- 
stone 5  feet  in  diameter.  Some  small  cobbles  and  pebbles  are  poorly 
rounded,  but  most  of  the  large  fragments  show  only  slight  rounding 
and  many  have  some  polish  on  their  surfaces.  The  boulders  are  ap- 
proximately a  mile  from  present  Franciscan  exposures.  Many  of  the 
schist  boulders  contain  pholas  borings,  and  there  are  some  pholas  borings 
in  the  underlaying  Yager  sediments.  At  some  places  there  are  several 
feet  of  Yager  and  Franciscan  rubble  (pulverized  shale  and  small  angular 
sandstone  fragments)  overlying  the  steep-dipping  Yager  shales  which 
are  in  place.  The  rubble  is  mixed  with  Wildcat  sand,  pebbles,  cobbles, 
and  huge  boulders,  and  grades  up  into  siltstone  or  thin  sandstone.  The 
Wildcat  was  deposited  in  this  part  of  the  basin  on  an  irregular  surface 
containing  numerous  troughs  and  small  knobs.  Mappable  buried  ridges 
are  shown  near  Salmon  Creek  (sec.  18,  T.  3  N.,  R.  1  E.,  11.)  and  near  the 
North  Fork  of  Elk  River  (sec.  36,  T.  4  N.,  R.  1  E.,  H.).  Other  larger 
isolated  exposures  of  Yager  may  be  buried  ridges  rather  than  highs  re- 
sulting from  folding.  The  Wildcat  formation  in  sec.  21,  T.  4  N.,  R.  2  E., 
H.,  forms  the  north  gently  dipping  flank  of  a  small  syncline  whose  south 
flank  dips  as  much  as  55"  N.  Glauconitic  pebbly  sandstone  exposed  near 
the  base  on  the  south  flank  is  not  present  on  the  north  flank.  The  silt- 
stone  and  fine  sandstone  exposed  in  gulleys  on  the  north  flank  dip  10° 
to  15°  S.  yet  the  contact  with  the  Franciscan  is  a  nearly  straight  line. 
Exposures  show  that  the  contact  is  not  faulted  but  depositional,  and 
that  here  the  Wildcat  beds  were  deposited  against  a  cliff  of  Franciscan 
rocks.  Some  exposures  indicate  that  part  of  the  dip  value  of  the  Wildcat 
beds  near  the  base  is  initial,  especially  where  the  beds  are  adjacent  to 
irregular  highs  of  the  older  rocks. 

Petrography 

Petrographic  studies  of  Wildcat  sediments  have  been  made  in  an  effort 
to  aid  in  the  differentiation  of  the  various  units  where  megascopic  and 
paleontologic  methods  have  not  been  successful.  The  results  are  sum- 
marized below  * : 

Using  the  Bouyoucus  hydrometer  method  (Bouyoucus,  1936)  10  sam- 
ples from  the  Wildcat  group  were  studied.  In  summary  :  (1)  Most  mud- 
stones  have  a  predominance  of  silt  rather  tlian  clay.  (2)  Most  ashes  show 
excellent  sorting.  (3)  The  range  of  sizes  in  a  particular  sandstone  (such 
as  the  Pullen  sandstone)  is  as  great  or  greater  than  the  size  variation 
between  sands  of  various  units.  (4)  The  pelitic  sediments  of  the  nonma- 
rine  Carlotta  formation  are  unusually  well  sorted  in  comparison  with 
other  pelitic  sediments  of  the  Wildcat  group.  (5)  There  is  typically  more 
silt  than  clay  in  the  sediments,  whether  the  samples  are  sandstone  or 
mudstone  (on  a  triangular  diagram  most  samples  fall  near  a  line  from 
the  sand  a]>ex  to  a  35  percent  clay-65  percent  silt  point  on  the  clay-silt 
join).  Rubey  (1030)  suggested  that  such  a  sorting  might  result  from 
flocculation  by  salt  water  of  mud  particles  of  many  different  sizes  into 
aggregates. 

Mineral  grains  were  examined  with  petrograpliie  and  stereoscopic  bi- 
nocular microscopes.  The  results  may  be  summarized  as  follows :  (1)  The 
feldspar  is  chiefly  plagioclase  in  tlie  range  oligocla,se-andesine,  although 

•  More  complete  information  on  tlie  method.';  and  discussion  of  the  data  are  given  In 
an  unpiibli.shed  Ph.D.  thesis  (Ogle,  1951). 
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some  samples  have  a  few  percent  of  orthoelase.  (2)  Rock  fragments, 
especially  chert,  are  abundant  in  most  sandstone  samples  and  may  form 
as  much  as  50  percent  of  the  total  volume.  Some  of  the  chert  is  colorless 
and  some  is  red,  containing  radiolaria.  Other  common  rock  fragments 
are  basic  volcanics  and  shale-slate.  (3)  Hornblende  is  the  most  abundant 
minor  constituent,  being  most  common  in  sands  of  the  Rio  Dell,  Scotia 
Bluffs,  and  Carlotta  formations,  less  common  in  the  Eel  River  forma- 
tion, and  rare  in  the  Pullen  formation.  It  is  followed  in  order  of  abun- 
dance b.y  epidote,  biotite-chlorite,  opaque  minerals,  and  glaueophane. 
(4)  Biotite-chlorite  is  especially  abundant  in  the  Rio  Dell  sandstones. 
Most  of  the  flakes  show  some  alteration  of  the  brown  biotite  to  greenish 
chlorite.  (5)  Glauconite  is  an  abundant  mineral  in  sediments  of  the  Eel 
River  formation,  is  common  in  some  Pullen  sandstone,  and  is  rare  to 
absent  in  other  units  of  the  group.  (6)  In  samples  of  mudstone  collected 
for  foraminifera  study,  fish  teeth,  fish  bones,  and  bird  bones  are  often 
found.  Pyrite  in  the  form  of  aggregates  or  foraminiferal,  diatom,  and 
radiolaria  casts  is  common.  Glauconite  may  be  present  as  fillings  in  fo- 
raminifera, as  molds  of  organic  forms,  or  more  often  as  irregular,  botry- 
oidal,  ovoid,  apple-green  to  dark  green  masses.  Colorless,  curved  volcanic 
glass  shards  are  locally  abundant.  Frosting  and  pitting  of  quartz  and 
feldspar  grains  and  foraminifera  tests  are  common  in  mudstone  of  the 
Pullen  formation,  but  not  in  other  sediments. 

The  mineralogy  of  the  Wildcat  sandstone  indicates  that  the  Franciscan 
and  Yager  formations  are  the  probable  chief  source  materials.  Most  of 
the  sandstone  may  be  termed  argillaceous  feldspathic  sandstone.  It  might 
be  considered  to  be  graywacke  or  sub-graywacke  (Pettijohn,  1949;  Tall- 
man,  1949),  although  the  writer  prefers  to  restrict  that  term  to  rocks, 
such  as  the  Yager  and  Franciscan  sandstones,  which  contain  a  partly 
recrystallized  paste. 

Glauconite  is  common  in  various  sediments  of  the  Eel  River  formation, 
in  some  sandstone  of  the  Pullen  formation,  at  the  unconformity  between 
the  Eel  River  formation  and  Rio  Dell  formation,  and  in  the  lower  part 
of  the  undifferentiated  Wildcat  in  the  northeastern  part  of  the  Fortuna 
quadrangle.  While  often  associated  with  organic  tests,  it  is  also  widely 
distributed  in  mudstone  and  sandstone.  IMuch  of  the  glauconite  is  asso- 
ciated with  sediments  containing  foraminifera  which  are  believed  to  be 
characteristic  of  bathyal  or  abyssal  depths.  Takahashi  (1939)  pointed 
out  that  glauconite  forms  under  anaerobic  or  reducing  conditions,  usually 
associated  with  iron  sulfides.  This  association  is  common  in  AVildcat  sedi- 
ments and  since  glauconite  sometimes  fills  the  tests  of  benthonic  forami- 
nifera which  must  have  had  some  aeration  on  the  ocean  bottom,  it  is 
probable  that  the  glauconite  formed  slightly  below  the  surface  of  sedi- 
mentation. Because  glauconite  is  thought  to  be  a  product  of  submarine 
weathering  it  may  be  implied  that  the  mineral  would  tend  to  form  at 
times  when  there  were  lags  in  sedimentation.  These  conditions  may  have 
existed  at  the  stratigraphic  breaks  and  at  various  times  during  the  depo- 
sition of  the  deeper  water  Eel  River  sediments. 

Several  thin  beds  of  white  volcanic  ash  occur  in  the  AVildcat  group. 
Pour  samples  of  ash  from  different  localities  are  included  in  the  size 
analyses.  In  addition  to  the  identifiable  ash  beds,  there  is  considerable 
ash  disseminated  in  the  sediments  of  tlie  lower  part  of  the  Wildcat  group. 

In  examining  samples  of  ash  from  10  different  localities  it  was  deter- 
mined that  in  addition  to  the  predominant  clear  volcanic  glass,  there 
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Figure  4b.     Size  distribution  chart,  Wildcat  sediments 

were  a  few  grains  of  feldspar  and  quartz  and  rare  ferromagnesian  min- 
erals. It  is  not  possible  to  determine  whether  some  of  the  minor  constitu- 
ents had  a  volcanic  source  or  whether  they  are  all  epiclastic  grains.  Under 
the  binocular  microscope  the  glass  is  seen  to  be  colorless,  clear,  and 
unaltered.  Most  of  the  shards  are  curved,  thin,  sharp  fragments — the 
remains  of  shattered  bubbles — although  one  sample  showed  some  elon- 
gate, grooved  pieces  containing  minute  bubbles.  The  glass  has  a  silica 
content  of  70  percent  as  determined  by  the  refractive  index  method 
(George,  1924;  Matthews,  1951).  This  silica  content  is  typical  of  rocks 
in  the  rhyolite-dacite  range.  Because  most  glass  is  more  acid  than  re- 
lated crystalline  rocks,  the  ash  may  have  come  from  a  volcano  erupting 
dacitic  or  andesitic  lava.  There  are  no  known  volcanic  rocks  of  Pliocene 
age  west  of  the  Klamath  Mountains.  East  of  the  Klamath  Mountains, 
active  Pliocene  volcanic  centers  which  produced  andesite  or  more  acid 
lavas,  include  the  Lassen  area,  and  the  Medicine  Lake  Highlands  region. 
It  is  about  130  miles  from  the  Eel  River  area  to  Lassen  and  about  160 
miles  to  Medicine  Lake  Highlands.  There  were  Pliocene  centers  of  vol- 
canism  in  the  Clear  Lake  area  (C.  A.  Anderson,  1936)  approximately 
120  miles  south  of  the  Eel  River  area,  and  in  Sonoma  County,  200  miles 
south,  where  the  Tolay  and  Sonoma  volcanic  rocks  accumulated.  Travis 
(1951)  noted  that  in  the  Sebastopol  quadrangle  glass  in  tuff -breccia  of 
the  Merced  formation  (upper  Pliocene)  had  refractive  indices  ranging 
from  1.499  to  1.502. 
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Sample 

Formation 

R.I. 

glass 

Remarks 

80-362* 

Carlotta 

1.508 

99  plus 

1'  bed,  unconsol.,  more  coarse  than  other  ash 
beds 

S35-4* 

Carlotta 

1.50 

? 

impure  ash,  6'  total,  of  which  less  than  1'  is 
relatively  pure 

80-381* 

Rio  DeU 

1.506 

99  plus 

fine  clay  to  give  a  gray-white  color 

80-393 

Eel  River 

1.508 

99  plus 

compact,  50'  above  80-390 

80-390° 

Eel  River 

1.504 

99  plus 

2"  pure  white  ash,  impure  ashy  silt  above  and 
below,  coast  section 

80-394 

Eel  River 

1.508 

99  plus 

a  total  of  6'  of  ashy  beds  of  which  approx.  2' 
is  pure;  approx.  same  horizon  as  two  samples 
above,  but  near  Woodland  Echo  Ranch 

BAG  34_.-_ 

PuUen 

1.505 

25 

ashy  mudst.,  included  to  show  disseminated 
ash 

80-S98* 

WUdcat  fundiff.)  _  _ 

1.503 

99 

white,  2"  irregular  ash  bed,  Elk  River  (north 
fork) 

SC-S104.._. 

Wildcat  fundiff.)  _- 

1.504 

99 

white,  3"  irregular  ash  bed,  Elk  River  (south 
fork),  approx.  same  horizon  as  80-398 

80-3103 

Wildcat  (undiff.) .  _ 

1.508 

99 

white,  irregular  1 ' '  ash  bed,  Yager-.\Uen 
Creek  area 

*  Included  In  size  analyses. 

NOTE:  Percent  glass  indicates  the  percent  in  that  part  of  the  sample  coarser  than  .053  mm.  Some  samples  have 
sonic  very  small  sizes  of  glass  and  a  few  have  some  fines  other  than  glass. 

During  transport  by  wind,  ash  is  sorted  by  size  and  specific  gravity, 
acid  ash  being  transported  farther  than  basic  ash.  The  constancy  of 
composition  of  the  Wildcat  ashes  probably  was  effected  by  the  source 
and  wind  currents  remaining  the  same  during  deposition,  so  that  only 
those  ashes  of  acid  composition  reached  the  area  of  deposition.  More 
basic  ashes,  if  they  were  occasionally  erupted,  w^ould  have  fallen  closer 
to  the  source.  Since  clastic  sedimentation  must  have  been  continuing  at 
a  relatively  rapid  rate,  concentration  of  the  ash  probably  took  place  by 
the  ash  at  first  floating  on  the  quiet  water  surface  because  of  the  surface 
tension  and  contained  bubbles  (]\Iellin,  19-18;  McKelvey,  1941 ;  IMenard, 
1950),  and  then  suddenlv  sinking  during  turbulence  of  the  sea  (Menard, 
1950). 

Paleontology  and  Correlation 

Megafossils  and  microfossils  are  abundant  in  most  of  the  marine  part 
of  the  Wildcat  group.  Lenses  of  marine  or  brackish-water  sediments  in 
the  upper  nonmarine  part  of  the  group  contain  a  few  megafossils.  A 
few  w'ell-preserved  leaves  have  been  found  in  the  Carlotta  formation. 

Megafossih.  A  check  list  of  megafossils  collected  in  the  Wildcat  sedi- 
ments is  included  herein.  Identifications  were  made  by  J.  Wyatt  Durham 
and  the  writer.  Locality  numbers  are  those  of  the  TTniversity  of  Cali- 
fornia, Department  of  Paleontology,  where  the  collections  are  on  file. 

Pecten  (Patinopecten)  caurinus  Gould  appears  to  be  a  marker  fossil 
restricted  to  tlie  middle  and  upper  Rio  Dell  formation  and  loAver  Scotia 
Bluffs  sandstone.  It  is  ])resent  locally  in  great  abundance,  forming  thin 
beds  composed  largely  of  pectens.  Pecicn  diJleri  Dall  was  not  found  by 
the  writer  but  the  type  locality  is  given  by  Diller  (1908,  p.  30)  as  "bluffs 
opposite  Rio  Dell,"  and  "slide  below  Rio  Dell",  which  suggests  that  the 
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type  must  have  been  found  in  the  lower  part  of  the  Rio  Dell  formation. 
This  pecten  would  appear  to  be  restricted  to  a  lower  part  of  the  section 
than  Pecten  caurinus  Gould  (see  Martin,  1916).  The  fact  that  it  is  ap- 
parently not  abundant  detracts  from  its  value  as  a  marker.  Ayiorthoscu- 
tum  oregonense  Howe  appears  to  be  restricted  to  the  lower  and  middle 
part  of  the  Scotia  Bluffs  sandstone  and  has  been  found  at  several 
localities  in  the  same  part  of  the  stratigraphic  section.  Psephidia  lordi 
var.  harharensis  Arnold,  Cardita  cf.  substanta  (Conrad),  Cardium 
(Cerastoderma)  meekianum  Gabb  and  Securella  staleyi  (Gabb)  are 
typical  of  the  middle  and  upper  Rio  Dell  and  lower  Scotia  Bluffs. 
Solemya  ventricosa  (Conrad),  Thyasira  disjuncta  (Gabb),  Lucina 
acutilineata  Conrad,  and  Argohuccinum  arnoldi  (Martin)  are  typical 
in  the  lower  Rio  Dell  and  upper  Eel  River  formations  (and  equivalent 
parts  of  the  undift'erentiated  Wildcat).  Two  species  of  importance  were 
found  in  the  basal  Pullen  sandstone  along  Eel  River :  Spondylus  n.  sp. 
and  Anadara  cf.  osmonti  (Dall).  Durham  (oral  communication,  1951) 
summarized  the  evidence  furnished  by  these  two  species  by  stating  that 
all  indications  point  to  an  older  age  than  that  of  the  typical  Wildcat 
faunas.  This  concurs  with  the  evidence  furnished  by  the  foraminiferal 
fauna  (Mohnian)  from  the  Pullen  formation  at  Price  Creek.  Species 
found  in  the  marine  lenses  in  the  Carlotta  are  generally  non-diagnostic 
but  many  of  the  forms  are  not  found  in  the  previously  mentioned  Wild- 
cat faunas.  Fossils  found  are  Ostrea  liirida  Howard,  which  is  common 
in  the  upper  Etchegoin,  upper  Merced,  and  exceedingly  common  in  many 
Pleistocene  beds,  according  to  Grant  and  Gale  (1931)  ;  Mytilus  calif orni- 
anus  Conrad,  which  has  been  recorded  from  formations  of  Pleistocene  to 
Recent  age  by  Grant  and  Gale  (1931),  but  which  ranges  into  the  upper 
Rio  Dell  formation  in  this  area;  Macoma  nasuta  (Conrad)  ;  Protothaca 
staminea  (Conrad)  ;  Saxodomus  nuttalli  (Conrad)  ;  Schizothaerus 
nuttalli  Conrad  ;  Cardium  sp.  (corhisf)  ;  and  Thais  lamellesa  Gmelin.  In 
recent  dredgings  of  the  upper  5  feet  of  recently  deposited  muds  in 
Humboldt  Bay,  at  Buhne  Point  boat  landing,  there  are  abundant  fresh- 
appearing  shells  of  all  the  above  species  except  the  first  two  and  last 
one.  Durham  (oral  communication,  1951)  stated  that  all  of  these  species 
can  stand  less  salinity  than  is  found  in  the  open  ocean.  The  close  com- 
parison of  the  Recent  and  Carlotta  faunas  suggest  similar  conditions  of 
deposition  and,  with  the  other  correlations  noted  above,  a  possible  Pleisto- 
cene age  for  the  Carlotta  beds.  The  evidence  is  far  from  conclusive, 
however,  and  it  is  possible  that  the  difference  between  the  Carlotta  fauna 
and  older  Wildcat  faunas  is  only  a  difference  of  facies. 

Martin  (1916)  divided  the  Wildcat  megafossils  into  an  upper  and  lower 
fauna.  It  appears,  however,  that  the  upper  fauna  is  from  the  middle  and 
upjier  Rio  Dell ;  and  the  lower  fauna  is  largely  from  the  lower  Rio  Dell ; 
thus  they  are  not  representative  of  the  lower  2,000  feet  of  lower  Pliocene 
and  upper  Miocene  beds.  Stewart  and  Stewart  (1949)  listed  tlie  first  and 
last  appearances  of  megafossils  in  the  coast  section.  It  is  not  certain  that 
such  a  scheme  holds  true  in  other  sections  of  the  Wildcat  group.  The 
present  writer  has  not  attempted  to  zone  the  Wildcat  on  the  basis  of  the 
megafossils  because  of  the  random  nature  of  the  collection  and  lack  of 
abundant  diagnostic  foi-ms.  The  species  listed  above  have,  however,  been 
of  aid  in  the  field  mapping. 
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Microfossils.  Approximately  100  samples,  collected  by  the  writer, 
have  been  examined  for  microfossils  by  paleontologists  of  the  Union 
Oil  Compan.v  in  Dominguez,  California.  The  data  on  the  foraminifera 
are  presented  in  an  accompanying  check  list  of  foraminifera.  A  complete 
check  list  of  samples  BAOl  to  BA060  collected  in  1948  was  furnished  by 
Douglas  Crawford.  Stewart  and  Stewart  (1949)  published  a  range  chart 
for  foraminifera  collected  by  them  in  the  coast  section.  Samples  other  than 
those  listed  above  have  been  compared  to  Stewart  and  Stewart's  lower 
unit  (approximately  the  writers'  upper  Pullen,  Eel  River,  and  lower 
Rio  Dell  formations) ,  and  their  middle  unit  and  upper  unit  (the  writer's 
middle  and  upper  Rio  Dell).  Hughes  (unpublished  paper,  1942)  sam- 
pled the  coast  section  which  includes  Pullen,  Eel  River,  and  part  of  the  Rio 
Dell  formations,  and  listed  typical  assemblages  for  several  formational 
units.  Because  this  material  is  not  readily  available,  the  characteristic 
assemblages  of  Hughes  are  given  below : 

Wildcat  group  (top  to  bottom) 

Ferndale  sandstone  2000'  [included  the  writer's  Scotia  Bluff  sandstone  and  part  of 
the  Carlotta],  contains  only  species  of  Elphidium  in  the  lower  part. 

Price  Creek  foi-mation  [Rio  Dell  formation  of  the  writer]. 

Upper  member,  2000',  foraminifera  are  characteristic  of  the  upper  Pico  of  the 
Los  Angeles  basin.  The  most  characteristic  species  are  BoUvina  suhadvena 
Cushman  var.,  Cassidulina  Cushman  and  Hughes,  CassiduUna  limhata,  Cas- 
sidulina  translucens  Cushman  and  Hughes,  Gaudryimi  triaugiilari.t.  Glohigtrina 
iuUoides  d'Orhigny,  Gloiigerina  diihia  Egger,  Nodosaria  cf.  calomorpha  Reuss, 
Nonion  scapha  (Fichtel  and  Moll),  Elphidium  lensiformis  n.  sp.,  Elphidium 
simplex  n.  sp.  Elphidium  striatopunctata? ,  Epistominaf,  Rotalia  aff.  heccarii 
(  Linne) ,  Uingeriiia  tenuistriata. 
Middle  member,  900',  Bolivina  rohustu,  BoUvina  spissa,  Uvigerina  peregrina  are 

characteristic. 
Lower   member,   1000'  Bulimina  subacuminata,   Cibicides   mckannai,  Nodosaria 
sulcata,  Chilostomella,   Uvigerina  peregrina,   Uvigerina  latalata  are  character- 
istic. 

Eel  River  formation  [generally  the  same  as  that  of  the  author],  750'  in  the  coast 
section,  2000'  at  Price  Creek,  characteristic  foraminifera  (of  the  100  species 
present)  are  Bolivinita  quadrata,  Bulimina  inflata,  Bulitnina  buchiana,  Cibi- 
cides spiralis,  Epistomina  elegans,  Clavulina  communis,  Nonion  pompilioides, 
Gyroidina  soldanii,  Nodogenerina  antillca,  Plunulina  muellerstorp.  I'hrtujron- 
difuUiria  californica,  and  Pullenia  sphaeroide.s. 

Fortunas  formation  [equivalent  to  much  of  the  Pullen],  1000' V,  the  foraminifera 
ar>>  mostly  arenaceous  species;  characteristic  are  Ammodiscus  sp.,  BoUrina 
obliqua,  Clavulina  sp.,  Cyclamminn  sp.,  Ilaplophragmoides  sp.,  Nodosaria 
uvasemi't,  and  Uvigerina  hispida. 

There  is  some  discrei3ancy  in  species  identified  by  Stewart  and  Stewart 
(1949),  Hughes,  and  Crawford.  Some  ranges  of  species  listed  in  the 
present  check  list  do  not  coincide  with  ranges  found  by  Stewart  and 
Stewart  (1949)  in  the  coast  section. 

The  Mohnian  foraminifera  have  not  been  described  previously.  Gester 
(1951,  p.  205)  has  noted  the  presence  of  rocks  of  Miocene  age  at  the 
base  of  the  Wildcat  group  but  gave  no  reason  for  assigning  this  age ; 
Hughes  (unpublished  notes,  1946)  mentioned  that  the  Fortunas  forma- 
tion was  upper  Miocene  in  age.  The  excellent  assemblage  of  Mohnian 
foraminifera  collected  on  Price  Creek  from  the  Pullen  indicate  that 
the  basal  Wildcat  at  this  locality  is  upper  Miocene  in  age.  The  lower 
samples  contain  species  characteristic  of  KleinjieU's  (1938,  p.  139) 
BoUvina  modeloensis  zone  of  the  Mohnian  stage  and  some  of  the  higher 
samples  contain  species  characteristic  of  the  Bolivina  hughesi  zone.  The 
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writer  did  not  find  any  samples  containing  foraminifera  characteristic 
of  the  Delmontian  stage,  but  Bolivina  ohliqna  (reported  by  Hughes) 
probably  represents  that  part  of  the  section  (Kleinpell,  1938,  p.  132). 
Foraminifera  in  the  upper  part  of  the  Pullen  are  characteristic  lower 
Pliocene  forms.  To  the  south,  in  the  Bear  River  area,  Relizian,  Luisian 
(Kleinpell,  1938),  and  Mohnian  foraminifera  have  been  identified  from 
a  continuous  section.  Sedimentation  in  this  region  probably  continued 
without  major  breaks  (only  changes  in  margins  of  basins)  from  the 
Relizian  into  lower  Pliocene. 

Fossil  Leaves.  Fossil  leaves  found  in  the  Carlotta  near  the  Van 
Duzen  River  were  identified  by  D.  I.  Axelrod,  who  stated : 

All  of  the  material  identifiable  seems  to  represent  willow.  Three  different 
species  appear  to  be  represented:  Salix  lasiolepis  (white  willow),  S.  laevigata 
(smooth  willow)  and  8.  hookeriana  (Hooker  willow).  All  of  them  occur  in  the 
region  of  the  fossil  locality  today,  and  range  north  and  south  for  some  distance. 
The  absence  of  any  forest  trees  (redwood,  Douglas  fir,  lowland  white  fir,  hemlock) 
and  their  regular  associates  is  probably  to  be  interpreted  as  indicating  that  the 
deposit  is  somewhat  on  the  order  of  a  backswamp,  possibly  a  small  lake,  which 
was  bordered  by  a  wide  zone  of  willows.  Such  communities  are  common  today  in 
the  coastal  region. 

Vertebrate  Remains.  In  1949  the  writer  found  a  vertebrate  bone 
in  a  Carlotta  conglomerate  bed  (SW^  see.  9,  T.  2  N.,  R.  1  E..  H.).  V.  L. 
VanderHoof  helped  to  excavate  it,  and  identified  it  as  the  jawbone 
of  a  whale,  of  no  value  in  correlation.  The  fragment  was  trough  shaped, 
40  inches  long  and  6  inches  across  the  trough ;  it  was  left  in  place. 

Correlation.  The  abundance  of  fossils,  especially  foraminifera,  makes 
it  possible  to  establish  correlation  with  other  formations  in  California. 
Most  of  the  Pullen  formation  may  be  equivalent  to  most  of  the  Puente 
and  Modelo  formations  of  the  Los  Angeles  basin,  the  lower  part  of  the 
Purissima  formation  of  the  Santa  Cruz  basin,  and  the  Tice  shale  (Mon- 
terey group)  of  the  San  Francisco  Bay  area.  It  is  partly  equivalent 
to  the  Wymer  beds  (Del  Norte  County).  The  upper  part  of  the  Pullen 
beds  and  the  whole  Eel  River  formation  are  probably  equivalent  to 
the  Repetto  formation  of  the  Los  Angeles  and  Ventura  basins,  the  Jaca- 
litos  formation  of  the  San  Joaquin  Valley,  and  part  of  the  Purissima 
formation  of  the  Santa  Cruz  basin.  The  Rio  Dell  formation  is  essentially 
equivalent  to  the  Pico  formation  of  the  Los  Angeles  and  Ventura  basins, 
and  the  upper  part  of  the  Purissima  beds  (Santa  Cruz  basin).  The 
upper  part  of  the  Rio  Dell  formation  is  equivalent  to  the  lower  part  of 
the  Merced  formation  of  the  Santa  Rosa  area  and  the  lower  part  of  the 
Empire  formation  at  Coos  Bay,  Oregon.  The  lower  part  of  the  Scotia 
Bluffs  sandstone  may  be  equivalent  to  part  of  the  Santa  Barbara  forma- 
tion (Ventura  basin),  part  of  the  Merced  formation,  and  most  of  the 
Empire  formation,  Coos  Bay,  Oregon.  The  upper  Scotia  Bluffs  and  the 
Carlotta  formation  are  tentatively  correlated  with  the  San  Pedro  beds 
of  southern  California,  the  upper  Santa  Barbara  formation  (Ventura 
basin),  the  upper  part  of  the  Merced  formation  (near  Santa  Rosa), 
possibly  with  the  beds  at  Battery  Point,  Crescent  City,  and  part  of  the 
Pleistocene  beds  at  the  mouth  of  Elk  River  in  southern  Oregon. 

Conditions  of  Deposition 

Before  the  deposition  of  the  Wildcat  (as  mapped  herein)  there  was 
deposition  to  the  south  in  the  Bear  River  and  Briceland  areas  during 
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middle  Miocene  (Relizian-Luisian)  time.  The  basin,  or  basins,  were 
limited  and  deep.  Faulting  probably  aided  in  the  development  of  these 
narrow,  restricted  troughs.  Bear  River  deposition  continued  without  a 
break  into  the  Molinian  stage  and  the  margins  of  the  basin  were  extended 
to  the  north  and  east.  Thus  the  Pullen-Bear  River  Mohnian  sediments 
overlapped  the  older  deposits  and  became  the  basal  beds  of  the  Wildcat 
in  the  Price  Creek-Eel  River  area.  This  deposition  probably  did  not 
extend  northeast  of  Fortuna  or  southeast  of  Stafford. 

The  basal  Pullen  beds  are  probably  not  correlative  in  age  at  all  locali- 
ties, and  basal  sediments  differ  widely  in  character.  Some  surface  irreg- 
ularities probably  persisted,  although  much  of  the  region  must  have 
been  essentially  a  peneplain.  Depth  conditions  varied  widely.  In  the 
small  syncline  of  Pullen  west  of  Scotia  there  are  Saxacava  and  Litho- 
phaga  which  occupied  borings  in  limestone  of  the  Pullen  formation.  These 
forms  must  have  lived  in  depths  less  than  50  feet.  The  formation,  harden- 
ing, and  boring  of  the  limestone  must  have  required  a  relatively  slow 
rate  of  deposition.  The  presence  of  Spondylus  in  the  basal  sands  at  Eel 
River  also  suggests  a  shallow- water  environment  and  warm  waters  (at 
least  15°  C.  and  possibly  as  warm  as  20°  C).  The  presence  of  great 
quantities  of  Yager  formation  debris  at  this  same  general  locality  sug- 
gests the  proximity  of  a  positive  rugged  land  mass.  Deeper-water  con- 
ditions prevailed  to  the  west  during  this  same  general  time,  as  indicated 
by  the  massive  mudstone  and  diatomaceous  mudstone  of  the  Pullen 
formation  west  of  Price  Creek,  and  the  presence  of  bathyal  f oraminifera. 
Following  the  basal  sand  deposition  rapid  subsidence  continued  and 
bathyal  foraminifera  were  partially  replaced  by  abyssal  forms.  During 
the  deposition  of  the  upper  Pullen  beds,  depths  may  have  been  as  great 
as  4,000  to  6,000  feet  in  various  parts  of  the  basin.  The  Pullen  deposition 
was  brought  to  a  close  by  uplift  to  wave  baSe,  or  the  sediments  may 
have  been  exposed  to  subaerial  erosion.  Basal  conglomerate  and  abundant 
glauconite  were  formed  in  shallow  water  at  the  beginning  of  the  depo- 
sition of  the  Eel  River  beds.  Rapid  subsidence  to  abyssal  depths  followed. 
It  is  probable  that  recurrent  movement  along  major  fault  systems  aided 
in  this  rapid  fluctuation.  The  fine-grained  sediments  of  the  Eel  River 
formation  and  the  bathyal  and  abj^ssal  foraminifera  suggest  deep-water 
deposition.  The  western  part  of  the  basin  was  deeper  than  the  eastern 
part;  the  northern  margin  was  in  the  vicinity  of  the  northern  edge 
of  the  Fortuna  quadrangle  and  the  eastern  margin  was  near  the  North 
Fork  of  Elk  River.  Open-sea  conditions  prevailed.  Eel  River  deposition 
was  brought  to  a  close  by  uplift,  and  erosion  by  waves  or  subaerial  agents 
or  both  ;  some  warping  occurred  in  parts  of  the  basin.  Subsidence  again 
followed  erosion.  The  lower  Rio  Dell  fauna  indi"cates  that  depths  of 
1,000  to  4,000  feet  were  characteristic  in  most  of  the  basin.  From  this 
maximum,  the  depth  became  progressively  more  shallow  from  this  time 
on,  although  minor  fluctuations  undoubtedly  occurred.  Deposition  of 
upper  Rio  Dell  beds  was  in  more  shallow  water  and  considerable 
variation  existed  in  the  basin;  depths  of  500  to  900  feet  prevailed  in 
the  coast  section  while  depths  in  the  vicinity  of  the  Eel  River  section 
were  not  greater  than  100  feet  (forms  such  as  Cardium  and  Securella 
are  typical  of  the  shallower  conditions).  These  shallower  seas  extended 
over  greater  areas  than  the  earlier  seas  and  sediments  overlapped  the 
older  rocks  in  all  directions.  At  the  base  of  the  undifferentiated  Wildcat 
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Figure  5.     False  Cape  shear  zone.  Sandstone  lenticles  in 

pulverized  shale   (crush-cong-lomerate),  in  NWJ  sec.  35,  T. 

2  N.,  R.  2  W.,  H.,  in  the  coast  section. 


Figure  6.     Eel  River  formation.   Spheroidal  or  onion-skin 

weathering  of  massive  dark-grav  mudstone,  west  bank  Eel 

River,  NEJ  sec.  7,  T.  1  N.,  R.  1  E.,  H. 
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Figure   7.     Carlotta  formation.  IMassive  pebble-cobble  con- 
glomerate, with  some  indications  of  rude  bedding.  Wildcat 
Ridge  road,  SWJ  sec.  11,  T.  2  N.,  R.  2  W.,  H. 


Figure  8.     Old  alluvium.  Stream  gravels  and  sands  which 
have  been  recut  near  the  mouth  of  the  Van  Duzen  River. 
This  type  of  bedding  is  similar  to  that  in  the  Hookton  for- 
mation in  the  eastern  part  of  the  area. 
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Figure   0.      Carlotta  formation.  Inverted  tree  stump  to  rifiht  of  pick,  in  iiiassivc  t.lue- 
gray  claystone,  south  bank  Van  Duzen  River,  SWi  sec.  26,  T.  2  N.,  R.  1  E.,  H. 
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Figure  12.  Rock-debris  slide  on  dip  plane  surface  of  interbedded 
Rio  Dell  sandstone  and  mudstone.  This  is  an  important  method  of  ero- 
sion on  the  coastal  cliffs.  Rhythmic  alternation  of  bedding  is  tynical 
of  middle  member  of  Rio  Dell.  Coast  section,  NWi  sec.  24,  T.  2  N., 
R.  3  W.,  H. 
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Figure  13.     Salmon  Creek  Oil  &  Gas  Co.  "Fowler"  1,  drilled  in  194S 

in  sec.  15,  T.  3  N.,  R.  1  W.,  H.  Some  oil  and  gas  reported,  but  the  well 

was  abandoned. 
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in  the  northeastern  part  of  the  Fortuna  quadrangle,  these  seas  lapped 
against  cliffs  of  Franciscan.  Great  boulders  of  schist  were  contributed 
by  landslides  and,  as  they  accumulated  along  the  coast,  their  surfaces 
were  pierced  by  pholas  borers.  The  land  surface  was  somewhat  irregular, 
and  many  local  sands  buttressed  against  prominent  masses.  As  the  basin 
continued  to  become  more  shallow  deposition  of  the  Scotia  Bluffs  sand- 
stone began  in  different  parts  of  the  basin  at  different  times.  The  basin 
became  more  restricted  and  some  marginal  uplift  and  warping  may 
have  started.  The  massive  character  of  the  sands  indicate  a  lack  of 
current  and  wave  action.  Offshore  bars  may  have  aided  in  protecting 
the  basin  from  open-sea  conditions.  Abundant  pelecypods  in  the  lower 
part  indicate  a  depth  of  less  than  100  feet.  A  few  Elphidium  in  mudstone 
members  suggest  littoral  conditions.  During  deposition  of  the  Scotia 
Bluffs  sediments,  the  basin  continued  to  become  more  shallow,  and 
marine  conditions  were  gradually  replaced  by  brackish  water  to  non- 
marine  conditions  during  deposition  of  the  upper  Scotia  Bluffs  forma- 
tion. Some  fragments  of  Pliocene  mudstone  in  the  upper  Scotia  Bluffs 
indicate  marginal  uplifts.  Trains  of  pebbles  in  the  upper  part  of  the 
Scotia  Bluffs  formation  are  the  forerunners  of  the  coarser  elastics  of 
the  Carlotta  formation.  By  the  time  of  the  deposition  of  the  Carlotta 
there  was  a  great  variation  of  depositional  environment  from  east  to 
west.  Many  types  of  flood  plain,  swamp,  lake,  lagoonal,  and  bay  deposits 
were  accumulating.  In  the  eastern  area  the  coarse  cobble  conglomerate 
predominates,  while  to  the  west  there  is  more  sand,  silt,  and  clay.  Fluctu- 
ations of  the  sea  formed  restricted  marine  lenses  at  various  times. 
Uplift  of  the  margins  of  the  basin  continued  and  streams  with  steep 
gradients  were  actively  eroding  the  surrounding  area.  Vegetation  was 
locally  abundant  and  the  climate  may  have  been  similar  to  that  of  the 
present.  The  depositional  history  was  brought  to  a  close  by  a  strong 
orogeny  whose  beginning  effects  strongly  influenced  deposition  of  the 
Carlotta  formation. 

Hookton  Formation 

Sediments  mapped  as  the  Hookton  formation  include  gravel,  sand, 
silt,  and  clay  which  characteristically  have  a  yellow-orange  color.  In  the 
Eel  River  Valley  area  they  are  extensively  exposed  and  cap  the  gently 
dipping  terrace  surfaces  at  Centerville  Beach,  east  of  Rohnerville,  and 
east  of  Elk  River  school.  They  also  form  the  surface  beds  whose  dip  slopes 
result  in  the  topographic  form  of  Table  Bluff,  Tompkins  Hill,  and  part 
of  Humboldt  Hill.  Youthful  streams  and  guUeys  have  cut  through  this 
thin  formation  in  the  Tompkins  Hill  area  and  exposed  the  underlying 
sediments  of  the  Wildcat  group.  Mapping  has  shown  that  an  uncon- 
formity exists  between  the  two,  that  the  Wildcat  group  was  folded  before 
the  Hookton  was  deposited,  and  that  the  more  gentle  post-Hookton  folds 
usually  follow  the  general  axes  of  the  earlier  post-Wildcat  folds.  Thus 
the  Hookton  is  exposed  on  the  south  side  of  the  Eel  River  syncline  at 
Centerville  Beach,  dips  under  Recent  alluvium,  and  appears  again  to 
the  north  at  Table  Bluff  on  the  north  limb  of  the  syncline.  To  the  east 
of  Rohnerville  and  Fortuna  it  can  be  followed  through  the  Eel  River 
syncline  as  it  forms  a  low  dissected  plane  surface  and  passes  over  the 
Tompkins  Hill  anticline  where  folding  has  been  more  intense. 
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Lithology,  Distribution,  and  Thickness.  Accurate  mapping  of  the 
Ilookton  formation  is  difficult  because  of  its  close  spatial  relationship 
to  the  Carlotta  continental  beds  in  surface  exposures.  This  has  been 
brought  about  by  the  stratigraphic  position  of  the  two  units,  the  struc- 
tural conditions  and  the  fact  that  the  Carlotta  conglomerate  beds  are 
resistant  and  generally  aid  in  the  preservation  of  the  capping  formations 
and  terrace  deposits. 

The  lithology  of  the  Hookton  is  extremely  variable,  both  locally  and 
between  the  larger  areas  of  exposures.  Where  exposures  are  poor  the 
weathered  gravel,  sand,  and  clay  may  easily  be  confused  with  weathered 
sediments  of  the  Carlotta  and  Scotia  Bluffs  formations.  One  of  the  prin- 
cipal differences  is  the  common  yellow-orange  of  iron  oxides  of  Hookton 
sediments  as  opposed  to  the  reddish-brown  color  of  the  iron  oxides  coat- 
ing the  conglomerate  and  sandstone  of  the  Carlotta. 

No  adequate  type  section  can  be  given  because  of  the  extreme  varia- 
bility of  these  beds.  The  name  Hookton  is  used  because  there  are  numer- 
ous, "more  or  less  typical,  random  exposures  of  the  sediments  in  the  Hook- 
ton-Table  Bluff  area.  Most  of  the  formation  is  nonmarine  but  some 
sediments  included  in  it  in  the  western  part  of  the  area  are  shallow 
marine  or  marginal  deposits.  Broadly  speaking,  the  coarser  gravels  are 
most  common  in  the  southeastern  area  (east  of  Rohnerville  and  Fortuna) 
whereas  to  the  west  there  is  more  sand,  silt  and  clay  which  suggests  that 
the  sources  of  the  material  were  the  parental  Eel  and  Van  Duzen  Rivers. 

The  most  completely  exposed  section  of  the  Hookton  may  be  seen  near 
Centerville  Beach,  where  the  unconformable  contact  with  the  underlying 
Wildcat  is  visible.  Stewart  and  Stewart  (1949)  included  the  sand  and 
gravel  of  the  Hookton  here  exposed  in  their  section  of  the  Wildcat.  The 
Hookton  sediments  dip  from  4°  to  11°  N.  At  the  base  is  an  eroded  surface 
of  Wildcat  mudstone  upon  which  has  been  deposited  ocherous  loose  sand 
and  gravel.  The  uppermost  exposures  at  Centerville  Beach,  are  friable 
orange-tan  sand  with  gravel  lenses ;  from  that  point  the  formation  dips 
to  the  north  under  the  alluvium.  The  writer  measured  approximately  420 
feet  of  section  here  (Stewart  and  Stewart,  1949,  noted  480  feet)  but  ex- 
posures are  not  continuous,  as  there  are  several  large  slumps,  and  varia- 
tions in  dip  are  common  in  the  exposed  beds.  Alternating  thin,  pebble- 
gravel  beds  and  thin  medium-  to  coarse-grained  loose  sand  beds  make  up 
the  greater  part  of  the  formation  in  this  section,  but  there  are  several 
thicker  sands  in  the  lower  and  upper  part.  The  pebbles  are  mostly 
rounded  to  sub-rounded  Franciscan  rock  types  and  they  range  from  a 
quarter  of  an  inch  to  an  inch  in  size.  There  are  also  a  few  small  cobbles. 
The  interbedded  sands  are  usually  rather  clean,  friable  to  loose,  and  vary 
from  medium  to  coarse  in  grain  size.  Feldspar,  quartz,  and  rock  frag- 
ments are  the  most  abundant  constituents,  and  ferromagnesians  appear 
to  be  minor.  The  minei-als  are  difficult  to  identify  in  the  hand  specimen 
because  the  mineral  grains  are  generally  coated  with  a  yellow-orange, 
ferruginous  (limonite?)  coating,  as  are  the  pebbles.  Cementation  is  lo- 
cally accomplished  by  precipitation  of  limonitic  material  around  the 
grains.  At  many  localities  the  alternating  sand  and  gravel  beds  result  in 
a  banded  outcrop  in  the  sea  cliff,  as  a  result  of  differential  weathering, 
which  removes  the  sands  more  easily  than  the  gravels. 

In  the  Fortuiui-IIydesville  area  the  conglomerate  is  composed  of  coarse 
cobbles  and  boulders,  while  in  the  Tompkins  Hill-Table  Bluff  area  the 
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sediments  become  finer-grained,  and  sand,  clay  and  silt  predominate. 
Near  the  Table  Bluff  lighthouse  alternating  sand  and  gravel  beds  uneon- 
formably  overlie  Wildcat  beds  with  strong  angularity.  Wells  on  Table 
Bluff  penetrate  as  much  as  200  feet  of  the  Hooker  formation,  although 
the  contact  with  the  underlying  Carlotta  is  difficult  to  identify  in  well 
logs.  It  is  significant  that  logs  mention  "yellow  clays"  at  depths  greater 
than  100  feet;  such  evidence  suggests  that  the  coloration  was  largely 
original  at  the  time  of  deposition. 

In  the  Humboldt  Hill  area  the  formation  is  200  to  400  feet  thick  and  is 
composed  of  loose  orange-brown  sand  including  pebble  lenses  and  blue- 
gray  clay,  some  of  which  contains  wood  fragments.  At  the  base  in  Shaw 
Gulch,  the  unconformity  with  underlying  Wildcat  mudstone  can  be 
clearly  seen ;  large  cobbles  of  AVildcat  mudstone  are  present  at  the  base 
of  the  Hookton. 

In  the  northwestern  part  of  the  quadrangle,  beds  believed  to  be  Hook- 
ton  formation  are  exposed  in  Henderson  Gulch  and  in  several  gulches 
to  the  west.  Here  loose  brown  sand,  brownish  gray  clay,  and  silt  contains 
some  slightly  carbonized  woody  material  and  a  few  poor  casts  of  marine 
pelecypods  such  as  Cardiutn  and  Ma  coma. 

The  yellow  sand  and  clay  forming  the  terraces  between  Eureka  and 
Areata  are  also  probably  correlative  with  the  Hookton.  Of  interest  in  this 
area  is  a  fault  on  the  old  highway  south  of  Washington  Gulch,  near  the 
center  of  sec.  9,  T.  5  N.,  R.  1  E.,  H.,  which  offsets  the  soft  creamy  yellow 
sand  against  serpentine.  This  fault  and  fault  zone  are  along  a  line  which 
is  the  projection  of  the  FreshM'ater  fault. 

It  may  be  that  some  of  the  high  terrace  deposits  in  the  coastal  area 
north  of  Mad  River  can  also  be  correlated  with  the  Hookton.  The  high 
terraces  composed  of  similar  material  along  the  highway  between  Trini- 
dad and  Patricks  Point  are  also  possible  equivalents.  These  slightly  tilted 
yellow  terrace  sand,  gravel,  and  clay  are  well-exposed  on  the  beach  cliffs 
at  Patricks  Point  State  Park,  where  they  unconformably  overlie  Plio- 
Pleistocene  beds  dipping  10°  to  15°,  and  sheared  Franciscan  rocks. 
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Feld — feldspar  chiefly  plagloclase,  usually  badly  altered  and  milky.  Plagloclase  is  in  the  range  oligo-and.;  forms  at 

least  a  third  to  half  of  most  samples.  Some  orthoclase  present, 
rock  fragments — chiefly  chert  but  minor  amounts  of  volcanics. 
qu — quartz  grains  are  clear  and  fresh,  oftuii  sharply  annular. 
bi — biotite  is  brown  to  pale  and  bleached;  some  Ls  altering  to  chlorite, 
cl — chlorite  is  various  shades  of  green,  often  seen  to  be  altering  from  biotite. 
gl — volcanic  glass,  colorless,  sharp  sliards  with  an  R.I.  of  1.50. 
glauc — glaucophanc,  pleochroic,  blue  to  violet, 
hb — hornblende,  blue-green  variety  and  green-brown  type, 
hyp — hypersthene,  rare,  colorless, 
zir — zircon,  small  euhedral  and  rounded  grains, 
ru— rutile,  rounded  grains,  yellow-brown, 
op — opaque,  iron  ores,  principally  magnetite  ? 
ep — epidote,  colorless,  high  biref.,  some  zoisite  included. 
A — abundant;  C — common;  R — rare;  (A2 — very  abundant). 
Feldspar,  quartz  and  rock  fragments  are  the  major  constituents  in  all  cases  and  form  appro.\imately  90  percent  of 

the  total.  Minor  eorstituents,  about  10  percent  of  the  total. 
The  location  of  all  samples  is  given  in  Appendix  C. 
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Petrography.  Little  petroprraphic  work  was  done  on  sediments  of  the 
Hookton.  The  four  samples  selected  for  size  analysis  have  been  grouped 
with  specimens  of  the  Wildcat  group,  for  convenience  and  for  compari- 
son. From  these  analyses  it  appears  that  typical  sand  of  the  Hookton  is 
as  well-sorted  as  sand  of  the  Wildcat  group,  and  better  sorted  than  most 
sands  other  than  the  Pullen  sandstone.  About  50  percent  of  the  grains 
in  the  siltstone  are  silt  size,  about  25  percent  are  sand  size,  and  25  percent 
are  clay  size. 

Not  many  of  the  Hookton  sediments  contain  as  many  ferromagnesian 
minerals  as  the  sandstone  in  the  upper  part  of  the  Wildcat.  Most  of  the 
feldspar  is  more  altered,  probably  to  kaolinite,  and  quartz  and  rock  frag- 
ments are  always  important  constituents.  The  most  common  accessory 
minerals  are  epidote,  opaque  minerals  (magnetite?),  glaucophane,  and 
hornblende.  Part  of  the  deep  weathering  of  the  feldspar  may  be  a  result 
of  leaching  and  alteration  in  place,  as  that  part  of  the  Hookton  forma- 
tion available  for  sampling  is  usually  near  a  surface  long  exposed  to 
weathering. 

Structure.  Because  of  the  unconformity  between  the  Hookton  and  all 
older  formations,  the  correlation  between  structures  mapped  in  the  Hook- 
ton and  those  mapped  in  the  older  units  is  important.  The  Wildcat  has 
proved  to  be  capable  of  producing  petroleum  substances  and  thus  the 
Hookton-Wildcat  structural  relationship  is  most  significant  for  economic 
reasons.  Dips  in  the  Hookton  are  generally  lower  than  those  in  the  Wild- 
cat, but  strike  directions  are  essentially  the  same — that  is,  strikes  of  the 
Hookton  are  generally  easterly.  The  writer  has  been  able  to  show  that 
structures  mapped  in  the  Hookton  have  axes  nearly  coincident  with  axes 
of  structures  in  the  Wildcat.  Excellent  examples  are  the  Eel  River  syn- 
cline,  and  the  Tompkins  Hill,  Table  Bluff,  and  Humboldt  anticlines.  Thus 
it  would  seem  that  the  post-Hookton  gentle  folding  had  its  axes  controlled 
by  the  earlier  established  structural  trends,  even  as  the  earlier  post- 
Wildcat  folding  was  probably  controlled  by  structures  in  the  Yager. 

The  topography  in  the  area  of  Hookton  outcrops  is  a  more  or  less  sub- 
dued expression  of  the  structure.  This  can  be  shown  by  topographic 
correlation  of  the  Hookton  as  it  passes  through  the  Eel  River  syncline, 
the  Tompkins  Hill  anticline  and  the  Table  Bluff  anticline.  That  the 
topography  expresses  any  close  relationship  to  the  Hookton  structure 
is  evidence  of  the  youth  of  the  post-Hookton  folding.  The  warped  Rohner- 
ville  formation  and  other  later  terrace  deposits  indicate  that  gentle  fold- 
ing has  continued  to  very  recent  times  and  probably  is  continuing  at 
present.  Tt  is  probable  that  the  post-Hooktou  folding  began  some  time  in 
the  middle  or  upper  part  of  the  Pleistocene,  in  view  of  the  evidence, 
however  meager,  dating  the  Hookton  as  middle  to  upper  Pleistocene. 

Some  movement  on  the  Little  Salmon  fault  has  been'post-Hookton.  The 
author  believes  that  this  movement  has  followed  a  pattern  set  up  by  the 
earlier  movement  on  the  Yager  fault.  Numerous  small  faults  with  a  few 
feet  displacement  can  be  seen  in  the  Hookton  in  the  Fields  Landing 
exposures. 

Age.  No  positive  age  can  be  established  for  the  Hookton  formation 
from  information  presently  available  to  the  author.  However,  several 
inferences  suggest  that  it  is  probably  middle  to  upper  Pleistocene  in  age. 

A  few  very  poorly  preserved  pelecypod  casts  were  seen  by  the  writer 
in  various  parts  of  sec.  2,  T.  4  N.,  R.  1  W.,  H.,  in  the  Eureka  quadrangle. 
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These  could  be  identified  only  as  Cardium  sp.  and  Macoma  sp. ;  both 
genera  are  common  in  Pliocene  to  Recent  sediments  in  this  area.  Both 
forms  could  live  in  marine  waters  of  low  salinity  such  as  might  exist  in 
upper  San  Pablo  Bay  (Durham,  oral  communication,  1950)  or  in  Hum- 
boldt Bay  today.  These  marine  fossils  were  seen  only  in  the  northern 
part  of  the  area  and  are  restricted  to  certain  clayey  beds.  They  probably 
indicate  that  the  Hookton  formation  in  the  Pine  Hill  area  was  deposited 
in  a  marginal  environment  in  which  very  shallow  marine  mud,  probably 
deposited  in  an  estuary  or  bay  similar  to  the  present  Humboldt  Bay, 
alternated  with  coarser  flood-plain  material.  To  the  southeast  simultane- 
ous flood-plain  deposition  was  taking  place. 

In  the  Humboldt  Hill  and  Pine  Hill  areas  and  at  Buhne  Point  are 
numerous  occurrences  of  carbonaceous  material.  Some  partially  car- 
bonized tree  remains  are  present  in  the  clay  and  silt,  and  a  few  thin 
lignitic  beds  are  interbedded  with  clay.  At  Buhne  Point  the  low-dipping 
clay,  sand,  and  gravel  beds  overlying  the  more  steeply  dipping  Wildcat 
sediments  contain  a  3-foot  bed  of  very  low-grade  lignite.  The  material 
is  brown  to  black  in  color,  soft  when  wet,  but  hardens  and  becomes  brittle 
when  dried ;  although  it  may  be  classed  as  a  lignite,  it  has  not  advanced 
far  beyond  the  peat  stage.  Some  limbs  and  roots  of  trees  can  be  identified, 
but  most  of  the  material  is  composed  of  fragments  of  reeds  and  finely 
divided  plant  debris.  Part  of  the  wood  has  been  slightly  carbonized,  but 
much  has  a  brown  or  light  yellow  color  when  broken  open.  In  contrast 
to  the  carbonized  wood  of  the  Carlotta,  these  wood  fragments,  when  wet, 
are  fibrous  and  pliable  instead  of  being  hard  and  brittle.  Underlying  the 
lignite  is  a  greenish-blue  clay  which  has  a  few  fragments  of  plant  remains. 
None  of  the  plant  remains  are  diagnostic,  but  they  do  give  evidence  that 
swampy  conditions  existed  during  the  deposition  of  this  part  of  the  Hook- 
ton.  The  character  of  the  material  indicates  that  the  sediments  are  youth- 
ful and  have  had  little  overburden. 

At  a  sharp  bend  of  the  south  branch  of  Rohner  Creek,  in  the  NW^SB^ 
sec.  25,  T.  3  N.,  R.  1  W.,  H.,  is  a  6-inch  lignite  bed  similar  to  the  one 
described  above.  It  is  interbedded  with  some  soft  green-blue-gray  silt  and 
ocherous  sand  and  gravel.  The  silt  above  and  below  the  lignitic  bed  is 
carbonaceous.  Samples  of  both  the  lignite  and  lignitic  silt  were  collected 
by  the  writer  for  lithologic  study.  Upon  wet  seiving  the  material  on  60 
and  100  mesh  screens,  numerous  small  carbonaceous  fragments  and  some 
microscopic  objects  were  recovered.  R.  L.  Mason  identified  some  of  these 
small  objects  as  seeds.  The  following  types  were  recognized : 

(1)  Carex  sp. — marsh  plant. 

(2)  Eleocharis  sp. — marsh  plant  which  lives  in  fresh  water  or  hrackish  water 

marshes  but  not  in  salt  water  marshes  ;  this  type  is  most  abundant,  is 
thin-skinned,  amber  in  color,  chitinous-like  in  appearance,  and  somewhat 
flattened.  The  average  size  of  this  seed  is  about  ^-mm. 

(3)  Spergularia  sp.    (?) — often  found  today  on  sea  bluffs  along  the  California 

coast. 

(4)  Ruhus  spectabilis — thimbleberry  which  is  common  today  in  moist  areas  in 

the  coastal  Humboldt  area. 

Some  additional  carbonized  ovoid  and  spherical  seeds  were  present 
which  were  not  immediately  determinable.  Some  shiny,  black,  hollowed- 
out  fragments  were  identified  as  insect  parts,  and  other  larger  black 
fragments  were  found  to  be  tiny  bird  bones. 
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According  to  Mason  (oral  communication,  1950),  all  the  plants  are 
herbaceous  types  which  enjoy  marshy  conditions.  The  concentration  of 
types  and  the  preservation  indicate  that  the  material  was  not  transported. 
All  these  plants,  or  very  similar  species,  are  living  today.  Some  of  the 
material  is  similar  to  that  found  in  the  Tomales  Bay  Pleistocene  (Mason, 
1932). 

Though  no  age  determination  is  possible,  it  is  significant  that  the  mate- 
rial is  fresh,  not  strongly  crushed,  and  is  similar  to  other  Pleistocene 
floral  remains. 

The  topographic  evidence  of  youth  has  already  been  noted  ;  the  meager 
organic  remains  are  all  forms  that  are  living  today,  mostly  in  the  same 
region,  but  they  are  not  diagnostic,  except  that  they  are  probably  Pleisto- 
cene ;  the  sediments  are  youthful  in  character,  compared  to  the  underljdng 
Wildcat  sediments ;  from  the  stratigraphic  position  it  has  been  shown  that 
the  Hookton  is  later  than  folding  which  affected  the  uppermost  Wildcat 
beds,  and  also  that  considerable  erosion  must  have  taken  place  between 
the  post-Wildcat  folding  and  the  deposition  of  the  Hookton.  As  discussed 
elsewhere  in  this  report,  certain  evidence  indicates  that  deposition  of  the 
Carlotta  extended  into  Pleistocene  time.  Thus,  the  Hookton  was  probably 
deposited  during  the  middle  or  upper  Pleistocene,  depending  upon  the 
time  of  the  post-Carlotta  orogeny. 

Beds  similar  to  the  Hookton  both  lithologically  and  stratigraphically 
have  been  described  from  the  Los  Angeles  basin  by  Wissler  (1943,  p.  211- 
212),  from  the  Ventura  basin  by  Bailey  (1943),  from  Tomales  Bay  by 
Dickerson  (1922),  and  from  Irvington  (Savage,  1951). 

Conditions  of  Deposition.  Considerable  variation  in  environmental 
conditions  in  various  parts  of  the  basin  existed  during  the  deposition  of 
the  Hookton,  similar  to  the  conditions  in  the  Eel  River  Valley  today. 

Following  the  folding  of  the  Wildcat,  rapid  erosion  began.  A  broad 
valley  plain  bordering  the  Pacific  was  developed,  to  which  sediments  were 
contributed  by  the  ancestral  Eel,  Van  Duzen,  and  other  rivers.  The  in- 
land mountains  were  rugged,  the  climate  was  generally  humid-temperate, 
and  rainfall  was  probably  heavier  than  that  at  present  (Deevey,  1950),  so 
that  great  quantities  of  elastic  debris  were  made  available.  The  plain 
extended  inland  somewhat  farther  than  at  present,  and  also  extended 
beyond  the  present  coast  line.  Continued  subsidence  of  the  basin  must 
have  taken  place,  for  flood  plain  and  marginal  sediments  more  than  400 
feet  thick  were  deposited.  Slopes  were  wooded  and  the  lowlands  were 
covered  with  grass  and  brush.  Swamps  were  common  and  there  were 
probably  some  lagoons,  estuaries,  and  barred  bays.  From  the  facies 
changes  of  the  Hookton  it  can  be  assumed  that  deposition  occurred  at  or 
near  sea  level.  During  subsidence,  a  very  neat  balance  with  deposition 
must  have  been  maintained,  in  order  that  dominantly  nonmarine  sedi- 
mentation might  continue.  It  is  possible  that  some  Pleistocene  subsidence 
of  sea  level  could  have  taken  place  during  this  time.  The  tectonic  activity 
in  this  area  makes  any  positive  statement  regarding  eustatic  changes  in 
sea  1('V(»1  unwai-raiitod  (see  Iliggins,  1950,  regarding  effects  along  the 
coast  to  the  south  in  the  Russian  River  area ;  also  Kuenen,  1950) .  Deposi- 
tion was  brought  to  a  close  by  the  reactivation  of  structural  forces  along 
earlier  established  trends. 
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Rohnerville  Formation 

The  Rohnerville  formation  is  limited  in  extent,  but  is  widespread 
enough  to  warrant  separating  it  from  other  more  limited  terrace  deposits. 
It  is  restricted  to  the  sloping  surface  upon  which  Rohnerville  and  For- 
tuna  are  built,  and  to  tlie  isolated  surface  known  as  Grizzly  Bluff.  The 
formation  ranges  from  10  to  25  feet  in  thickness ;  it  can  best  be  seen  along 
road  cuts  west  of  Rohnerville  and  south  of  Hydesville. 

The  materials  making  up  this  warped  terrace  deposit  are  of  flood-plain 
origin  and  are  predominantly  gravel  with  lesser  amounts  of  sand,  silt,  and 
clay.  All  of  the  sediments  have  a  typical  orange-brown  or  yellow-brown 
color  resulting  from  the  coating  of  the  grains  with  ferruginous  material. 
No  regularity  of  bedding  can  be  noted;  cross-bedding  is  common  and 
lenticularity  is  the  rule.  Most  of  the  sediments  are  poorly  consolidated, 
but  in  some  places  iron  oxide  cements  the  material  together  to  form  a 
relatively  hard  rock.  The  upper  few  feet  are  made  up  of  silt  and  clay  in 
most  parts  of  the  area,  and  this  usually  grades  into  6  inches  to  1  foot  of 
dark  soil. 

The  Rohnerville  sediments  overlie  the  Carlotta  conglomerate  and  clay- 
stone  with  angular  unconformity.  The  contact  is  exposed  in  the  road  cut 
where  a  branch  road  to  Rohnerville  meets  U.  S.  Highway  101  in  sec.  11, 
T.  2  N.,  R.  1  W.,  H.  The  present  upper  surface  of  the  Rohnerville  forms 
a  gently  warped  surface  controlled  largely  by  the  dip  of  these  beds.  This 
surface  dips  approximately  5°  N.  near  Alton,  flattens  out  near  Strongs 
Creek  and  dips  1°  to  2°  S.  at  Fortuna.  It  can  be  seen  that  this  surface  has 
been  warped  along  the  axis  of  the  Eel  River  syncline.  Dips  in  the  Rohner- 
ville are  only  slightly  less  than  those  in  the  Hookton  in  the  same  area. 
One  may  observe  (from  a  point  west  of  Fortuna)  that  the  two  surfaces, 
Rohnerville  and  Hookton,  are  essentially  subparallel  as  they  pass  through 
the  Eel  River  syncline.  The  terrace  gravels  capping  Grizzly  Bluff  dip 
about  2°  S.  By  projecting  the  Rohnerville  surface  from  Alton  south  and 
the  Grizzly  Bluff  surface  north  it  may  be  seen  that  the  two  would  meet 
along  the  axis  of  the  Alton  anticline.  It  is  believed  that  the  two  separate 
areas  of  terrace  gravel  represent  the  same  valley-plain  deposition  and 
they  have  been  mapped  as  one  unit.  Thus,  the  Rohnerville  formation  has 
been  involved  in  a  very  late  gentle  folding  along  the  old  structural  axes 
of  the  Eel  River  syncline  and  the  Alton  anticline. 

It  is  probable  that  the  Rohnerville  formation  formerly  covered  an  ex- 
tensive area  but  has  since  been  removed  by  later  meandering  of  Eel  River, 
except  in  the  rock-defended  areas  where  it  is  now  exposed. 

No  positive  statement  regarding  the  age  of  the  formation  can  be  made 
since  no  fossils  have  been  found  in  it.  It  is  post-Hookton  and  thus  prob- 
ably upper  Pleistocene. 

Terrace  Deposits 

Undifferentiated  Terrace  Deposits.  Numerous  elevated  terrace  levels 
are  capped  with  a  thin  deposit  (5  to  25  feet)  of  gravel,  sand,  silt,  and 
clay.  Several  levels  are  present  in  the  vicinity  of  Eel  River.  All  of  these 
are  valley  plain  terrace  deposits  in  which  gravels  predominate.  Boulders 
up  to  1  foot  in  diameter  are  common.  These  deposits  have  the  yellow- 
orange  color  typical  of  the  Rohnerville  and  Hookton  sediments.  Some 
of  the  higher  terraces  may  be  equivalent  in  age  to  the  Rohnerville  or 
Hookton,  but  because  of  the  warping  and  distance  apart  they  have  not 
been  differentiated. 
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Some  of  the  higher  terrace  deposits  in  the  coastal  area  are  stream  ter- 
races, but  several  in  sees.  25  and  26,  T.  2  N.,  R.  3  W.,  H.,  at  an  elevation 
of  approximately  900  feet  are  marine  terraces  which  show  more  regular 
stratification  and  are  deposited  on  a  wave-cut  platform.  These  terraces 
may  be  approximately  equivalent  in  age  to  the  Hookton ;  by  projecting 
the  uniform  dip  of  the  Hookton  south  from  Centerville  it  can  be  seen 
that  that  plane  would  meet  the  level  occupied  by  these  terraces. 

Yomig  Stream  Terrace  Deposits.  Adjacent  to  many  of  the  streams 
are  youthful  terrace  deposits  from  2  to  10  feet  thick.  Gravels  pre- 
dominate but  sand  and  silt  are  locally  more  common. 

Alluvium 

Old  Alluvium.  The  term  old  alluvium  is  used  for  the  most  recent 
fioodplain  deposits,  which  are  now  being  recut  by  the  present  streams. 
They  differ  from  alluvium  in  that  they  are  not  now  being  deposited. 
The  material  consists  of  gravel,  sand,  and  silt,  but  the  upper  few  inches 
are  usually  silt. 

Alltwium.  Stream  channel  deposits,  sand  bars,  sand  spits,  mud  flats, 
and  delta  areas  have  been  included  under  alluvium.  It  is  apparent  that 
any  contact  with  old  alluvium  is  largely  hypothetical  and  may  vary 
from  year  to  year. 

Landslides 

, "  Materials  making  up  landslides  are  generally  poorly  consolidated  and 
fragmented.  Large  areas  of  Wildcat  mudstone  have  slumped  in  the  Fern- 
dale  Hills,  giving  rise  to  rumpled,  disordered  rubble  spread  over  many 
acres.  In  the  creeks  southeast  of  Carlotta,  old  landslides  of  Yager  mate- 
rial have  accumulated  more  than  a  mile  from  their  source.  Fielder  Creek 
has  cut  into  the  old  landslide  material  as  much  as  50  feet,  exposing  only 
Yager  rubble;  but  outcrops  on  the  ridges  indicate  that  Carlotta  con- 
glomerates are  actually  the  materials  in  place. 

STRUCTURE 

The  dominant  structural  feature  of  the  Eel  River  area  is  the  general 
eastward  trend  of  the  Tertiary  sediments.  A  major  structure  in  the  area 
is  the  large  Eel  River  syncline,  whose  axis  strikes  about  N.  80°  W.  To  the 
north  and  soutli  of  tliis  major  fold  are  minor  anticlines  having  an  over- 
all westerly  ])lunge.  The  structures  in  the  older  rocks  are  less  clear,  but 
the  Yager  formation  forms  the  trough  of  a  large  northwest-trending 
folded  syncline  which  is  bounded  by  faults  on  the  northeast  and  south- 
west. 

Pre-Tirtiary  Structures.  Movement  along  the  False  Cape  shear  zone 
and  similar  zones  to  the  south  may  have  aided  in  the  development  of  the 
Tertiary  basins,  and  caused  the  rapid  elevation  and  subsidence  that  ac- 
companied their  filling.  Offshore  from  this  and  other  zones  to  the  south, 
prominent  submarine  structural  features,  such  as  the  IMendocino  escarp- 
ment (Shepard  and  Emery,  1941),  which  may  extend  offshore  for  at 
least  1,000  miles,  although  the  direction  of  the  escarpment  is  reversed 
70  miles  fi'oni  shore  (Menard  and  Dietz,  1951).  Byerly  (1937)  has  noted 
that  earthqiuike  epicenters  are  aligned  with  the  eastward  trend  of  this 
zone.  The  False  Cape  and  related  shear  zones  may  be  old  major  zones 
of  weakness  which  continue  to  be  active. 


1953]  STRUCTURE  65 

The  Russ  fault  serves  as  tlie  northern  limit  of  the  False  Cape  zone 
of  shearing;  but  beeause  parts  of  the  zone  appear  to  be  relatively  un- 
sheared  Franciscan  rocks,  it  is  also  the  contact  between  Franciscan  and 
Yager  formations.  Movement  along  the  Russ  fault  is  probably  as  great 
as  that  along  the  Freshwater  fault,  though  the  trace  cannot  be  located. 
From  the  compressional  history  it  is  believed  that  the  fault  is  a  high- 
angle  reverse  fault  or  thrust. 

The  Freshwater  fault  may  have  helped  to  define  the  Tertiary  basin  on 
the  northeast,  as  the  False  Cape  shear  zone  did  on  the  south.  Its  major 
movement  was  probably  post-Yager  and  pre-Wildcat,  and  was  at  least 
several  thousand  feet.  The  fault  plane  was  not  observed.  It  bounds  the 
southwestern  side  of  the  upthrust  Kneeland  block  of  Franciscan  rocks. 

Although  the  Franciscan  was  somewhat  deformed  before  deposition 
of  the  Yager  beds,  the  first  definable  structural  movements  took  place 
during  the  interval  following  deposition  of  the  Yager  and  before  depo- 
sition of  the  Wildcat  group.  The  second  period  of  movement  followed 
the  deposition  of  the  Wildcat  rocks. 

Cenozoic  Structures.  The  Yager  and  Little  Salmon  faults  form  a 
northwest-trending  fault  system  that  cuts  the  east-striking  folds  north- 
east of  Fortuna.  Movement,  which  has  taken  place  at  different  times, 
has  been  partly  along  former  traces.  Along  the  Yager  fault  at  Yager 
Creek  the  Yager  formation  is  thrust  from  the  north  against  the  Rio  Dell 
formation  or  Eel  River  formation.  Vertical  displacement  along  the  fault 
plane  may  be  as  much  as  10,000  feet.  However,  some  left  lateral  horizontal 
component  also  may  be  involved ;  if  so,  the  vertical  displacement  may 
be  less. 

In  the  southeastern  part  of  the  area  movement  along  the  Little  Salmon 
fault  may  have  been  as  great  as  1,000  feet  but  to  the  northwest  the 
amount  of  movement  decreased ;  it  was  probably  negligible  in  the 
Humboldt  Hill  area. 

Major  movements  along  the  False  Cape  shear  zone  and  its  northern 
bounding  fault,  the  Russ  fault,  took  place  prior  to  deposition  of  the 
Wildcat  group,  although  some  of  the  faults  within  the  False  Cape  shear 
zone  have  been  active  in  post-Wildcat  time.  Some  late  movement  along 
the  Russ  fault  in  the  western  part  of  the  area  appears  to  have  offset  the 
Pullen  against  False  Cape  shear  zone  rocks,  although  little  stratigraphic 
displacement  is  involved.  Any  rocks  in  contact  with  the  False  Cape  shear 
zone  rocks  show  minor  faulting  effects  along  the  contact  because  of  the 
nature  of  the  shear  zone  material  and  the  ease  of  movement  along  the 
numerous  planes  of  weakness. 

Numerous  minor  faults,  with  displacements  of  a  few  feet,  may  be 
observed  in  road  cuts.  Some  are  normal  faults,  a  few  are  thrusts.  In  the 
eastern  part  of  sec.  34,  T.  2  N.,  R.  1  W.,  II.  along  the  Wildcat  Ridge 
road,  several  small  faults  with  displacements  of  2  to  15  feet  have  been 
observed.  At  the  eastern  edge  of  the  town  of  Field's  Landing  several 
small  faults  which  displace  terrace  gravel  are  well  exposed  in  a  large 
quarry. 

Folding,  at  least  partially  governed  by  older  folded  structures,  took 
place  after  deposition  of  the  Carlotta  formation  (mid-Pleistocene?). 
Still  later  folding,  which  followed  deposition  of  the  Hookton,  was  also 
controlled  by  previous  folds.  AVarping  along  the  mid-Pleistocene-post- 
Hookton  axes  has  continued  to  recent  times. 

5 — 76777 
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The  south  flank  of  the  major  structure  of  the  area,  the  large  Eel  River 
syneline,  is  steeper  than  the  north  flank.  It  may  plunge  to  the  west  in 
the  western  part  of  the  Eel  River  Valley.  Late  folding  or  warping  along 
the  axis  of  this  fold  may  be  responsible  for  the  greater  thickness  of  late 
deposits  in  the  alluviated  trougli  than  is  exposed  in  other  parts  of  the 
region.  The  axis  of  the  post-Hookton  and  post-Rohnerville  folding  fol- 
lows closely  the  axis  of  the  mid-Pleistocene  folding.  The  westward- 
plunging  Newburg  syneline,  east  of  the  Yager-Little  Salmon  fault,  is 
probably  the  eastward  continuation  of  the  Eel  River  syneline.  In  the 
area  near  Carlotta  the  smaller  Wolverton  syneline  is  locally  overturned 
adjacent  to  the  Little  Salmon  fault,  and  is  truncated  by  the  fault  near 
Fielder  Creek.  West  of  Scotia  a  small  syneline  has  Pullen  sediment 
exposed  along  tlie  axis.  Numerous  minor  synclines  have  been  mapped 
in  the  northern  part  of  the  area. 

Several  small  anticlines  have  been  mapped  in  the  area  north  of  the 
Eel  River  syneline,  but  there  are  few  on  the  south  flank  of  this  structure. 
Because  of  the  potential  economic  importance  of  some  of  these  features 
they  have  been  mapped  in  as  much  detail  as  possible.  The  most  northerly 
structure,  the  Pine  Hill  anticline,  plunges  to  the  west  with  no  surface 
closure  evident,  although  it  is  possible  that  cross-warping  might  effect 
a  closure  in  the  alluviated  region  west  of  Elk  River.  The  Humboldt  anti- 
cline, next  to  the  south,  plunges  to  the  west  along  its  eastern  extent  but 
shows  closure  in  the  Humboldt  Hill  area.  South  of  this  structure,  east 
of  the  Little  Salmon  fault,  are  two  minor  anticlines ;  one  along  Salmon 
Creek  has  been  drilled  by  the  British- American  Oil  Producing  Company, 
and  the  other.  Fowler  anticline,  has  had  a  well  drilled  near  the  axis  by 
the  Salmon  Creek  Oil  and  Gas  Company.  Both  of  these  structures  plunge 
to  the  west  and  closure  is  not  effected.  West  of  the  fault  there  are  three 
en  echelon  anticlines,  the  Tompkins  Hill  anticline,  Table  Bluff  anticline, 
and  an  unnamed  structure,  only  partly  defined,  north  of  Table  Bluff. 
The  structure  of  these  folds  is  shown  by  the  surface  topography  and  can 
be  mapped  in  the  Hookton  sediments  which  are  exposed  at  the  surface. 
The  structure  as  mapped  in  the  Hookton  comj^ares  closely  with  the  struc- 
ture in  the  underlying  Wildcat  beds.  Data  collected  by  The  Texas  Com- 
pany show  that  the  Tompkins  Hill  anticline  plunges  to  the  east  beneath 
the  Little  Salmon  fault  as  well  as  to  the  west.  There  are  minor  flexures 
on  the  south  flank  of  this  fold.  The  north  flank  of  the  Table  Bluff  anti- 
cline is  cut  by  a  pre-Hookton  fault.  The  evidence  for  this  is  obtained 
partly  from  subsurface  data  from  wells  1  and  4.  Only  the  south  flank  of 
the  unnamed  anticline  north  of  Table  Bluff  is  exposed.  Data  from  a  core- 
hole  well  on  the  South  Spit  indicate  that  the  structure  may  have  a  ' '  high ' ' 
offshore. 

The  Alton  anticline  is  the  only  major  fold  on  the  south  flank  of  the 
Eel  River  syneline.  It  may  be  traced  at  the  surface  in  the  Cummings 
Creek  and  Cuddebaek  School  area,  where  it  plunges  to  the  west,  but  is 
covered  by  alluvium  west  of  that  poijit.  Ceophysieal  data,  stratigraphic 
features,  and  geomorphic  implications  indicate  a  probable  arching  north 
of  the  Grizzly  Bluff'  anticline,  a  minor  flexure  south  of  the  Alton  anti- 
cline. North  of  the  Russ  fault  is  a  vague  anticlinal  trend,  that  has  a 
small  mass  of  Yager  along  its  axis  at  the  Woodland  Echo  Ranch.  Evi- 
dence for  the  south  flank  of  this  fold  in  the  Woodland  p]cho  area  is  poor, 
because  of  mass  slumping.  Southeast  of  Scotia,  a  broad  anticline  extends 
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beyond  the  mapped  area.  Scotia  Bluffs  sandstone  is  exposed  on  the  south 
flank  of  this  fold  near  Pepperwood. 

Regional  SfrKcfure.  The  Klamath  Mountain  mass  of  crystalline  and 
older  sedimentary  rocks  has  internal  structures — schistosity  and  strike 
of  sedimentarj^  beds — which  strike  westward  near  Forest  Glen,  then 
northwestward  near  "Willow  Creek,  north  in  Del  Norte  County,  and 
northeast  in  southwestern  Oregon.  The  mass  resembles  a  blunt  V-shaped 
wedge  pointino'  to  the  west.  Numerous  faults  paralleling  the  margins  of 
this  mass  have  thrust  the  older  rocks  outward  against  the  younger 
rocks,  which  have  been  crushed  against  the  rigid  mass  by  compressional 
forces  acting  normal  to  it.  Thus  the  younger  structures  in  northern 
California  and  southern  Oregon  are  wrapped  around  the  Klamath  Moun- 
tains. Fold  axes  trend  west,  northwest,  north,  then  northeast. 

The  strong  west-striking  zone  of  weakness  in  the  False  Cape-Cape 
Mendocino  region  is  a  major  structural  feature  of  California  which  has 
acted  independently  of  the  San  Andreas  fault.  Movement  along  this  zone 
probably  precedes  and  also  postdates  movements  along  the  San  Andreas. 
There  is  some  evidence  (Shepard  and  Emery,  1941)  that  the  San  An- 
dreas fault  may  continue  to  the  northwest,  north  of  this  major  zone. 

Compressional  forces  acting  in  northeast-southwest  and  later  north- 
south  direction  have  acted  on  sediments  in  the  Eel  River  Valley  area 
causing  folding  and  some  thrusting  over  a  long  period  of  time.  Move- 
ments have  been  intensified  over  certain  periods  but  minor  foldin*?  has 
continued  between  the  strong  orogenies.  Zones  of  weakness  developed 
during  these  repeated  orogenies  have  localized  later  shearing  and 
faulting. 

GEOLOGIC  AND  GEOMORPHIC  HISTORY 

The  mapped  area  herein  discussed  is  a  part  of  the  northern  Coast 
Ranges  of  California   (Lawson,  1894;  Diller,  1902;  Fenneman,  1931). 

Lawson  (1894)  in  his  classic  paper,  The  geomorphogevy  of  the  northern 
coast  of  California,  noted  that  the  present  physiography  of  the  coast 
T-ange  from  San  Francisco  to  Humboldt  County  is  the  result  of  the  fol- 
lowing sequence  of  events : 

(1)  The  development  in  Pliocene  time  of  a  great  coastal  peneplain  and  corre- 
lative accumulation  of  marine  .sediments. 

(2)  The  orogenic  deformation  of  parts  of  thi.s  peneplain  and  the  foldinfc  of 
Pliocene  strata,  the  general  altitude  of  the  peneplain  where  not  so  disturbed 
remaining  about  the  same. 

(.3)  The  reduction  of  the  upturned  soft  Pliocene  strata  to  base  level,  and  the 
limited  extension  of  the  peneplain  in  between  the  uplifted  blocks  of  the  other  dis- 
turbed areas. 

(4)  The  progressive  uplift  of  this  peneplain  with  its  residual  monadnocks  to 
an  elevation  of  from  1,000  to  2,100  feet  above  the  sea  level,  the  adjacent  moun- 
tainous tracts  participating  in  the  same  movement. 

(5)  The  advance  in  the  new  geomorphic  cycle  to  a  stage  of  late  adolescence  or 
early  maturity. 

(6)  A  very  recent  local  sag  or  depression  of  about  100  miles  of  the  coast  ad- 
jacent to  the  Golden  Gate,  and  the  consc(iuent  flooding  of  the  stream  valleys  by 
the   ocean;    Lawson    (1!>44)    suggested    tli.il    sea    level   had   changed   eustatically. 

Diller  (1902),  in  an  early  paper  on  the  Klamath  Mountains  of  south- 
west Oregon  and  northwest  California,  discussed  the  topographic  de- 
velopment of  this  part  of  the  Coast  Ranges.  He  postulated  several  stages 
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of  post-Eocene   peneplanation  and  uplift.   Two   principal  peneplains 
were  described : 

(a)  The  Klamath  peneplain  whose  remnants  throughout  the  higher  Klamath 
Mountains  are  even-orestefl  ridges  [i.e.,  South  Fork  Mountain,  east  of  Kedwood 
Creek  and  the  southern  Mad  River  (Manning  and  Ogle,  lOijO)]. 

(b)  The  Bellspring  peneplain,  which  he  described  as  a  later,  lower  peneplain, 
whose  remnants  form  the  higher  even-crested  ridges  of  the  northern  coast  ranges. 

Diller  thought  that  the  Klamath  peneplain  had  formed  by  Miocene 
time.  In  conjunction  with  this  peneplanation  Miocene  sediments  were 
being-  deposited  to  the  west.  Tow^ard  the  end  of  the  Miocene,  orogenic 
activity  caused  faulting  of  the  Miocene  sediments.  Slight  uplift  then 
elevated  tlie  entire  region 

"allowing  the  low  hills  of  soft  Miocene  beds  along  the  coast  to  be  reduced  nearly 
to  sea  level,  thus  developing  by  subaerial  processes  a  peneplain  over  the  rogion 
of  the  northern  end  of  the  Coast  Range.  This  peneplain  is  practically  continuous 
with  the  peneplain  of  the  adjacent  Klamath  Mountain  district." 

Diller 's  dating  of  these  events  as  Miocene  was  the  result  of  Ball's 
identification  of  megafossils  from  the  Empire  formation  of  the  Coos  Bay 
area  and  the  AVildcat  formation  of  Humboldt  County  as  Miocene  forms. 
It  has  since  been  shown  conclusively  that  the  greater  part  of  the  sedi- 
ments mapped  as  Wildcat  (Martin,  1916;  Stewart  and  Stewart,  1949), 
and  tlie  Empire  formation  (Weaver,  1945)  are  Pliocene. 

Diller 's  Klamath  peneplain,  therefore,  corresponds  broadly  to  Law- 
son's  step  (1)  and  his  Bellspring  peneplain  compares  with  Lawson's 
step  (3). 

The  record  of  events  from  Cretaceous  (?)  to  middle  Miocene  is  obscure, 
as  no  sedimentary  record  for  that  time  is  left  in  this  area.  It  is  possible 
that  the  Humboldt  region  was  positive  during  this  entire  time.  Erosion 
of  both  the  Klamath  Mountain  crystalline  rocks  to  the  east  and  the 
Franciscan  and  Yager  sediments  in  the  Coast  Ranges  continued  through- 
out the  time.  Sediments  accumulated  in  the  Coos  Bay  area  to  the  north, 
and  in  the  Covelo  basin  to  the  south  during  the  Eocene.  Some  small 
local  embayments  may  have  existed  in  the  Humboldt  region  which  were 
uplifted  and  their  sediments  later  eroded.  MacGinitie  (1936)  has  shown 
that  tlie  Klamath  Movuitain  area  neai'  Weaverville  and  Hyampom  was 
a  liroad  plain  which  supported  a  flora  indicating  that  no  high  mountains 
separated  that  area  from  the  ocean  to  the  w^est. 

In  the  middle  Miocene  some  small  embayments  developed  and  as  the 
old,  moderately  low  land  mass  continued  to  be  eroded,  fine  clastic 
sediments  were  deposited  in  them.  The  only  renniants  of  these  sediments 
in  the  Humboldt  area  are  diatomaceous  nuulstone,  sandstone,  and  silt- 
stone  in  the  southern  part  of  the  Bear  River  syncline  and  in  the  Bricelaml 
area. 

Later,  in  upper  ^Miocene  and  lower  Pliocene  time,  the.  basins  of  deposi- 
tion became  more  extensive.  Pine  clastic  sediments  continued  to  be 
deposited  in  them  throughout  the  Pliocene,  and  in  the  upper  Pliocene 
shallow  seas  encroached  farther  to  the  north  and  east  and  deposited  a 
tliin  layer  over  the  gently  westward  sloping,  slightly  irregular  surface. 
Evidence  of  this  fossil  land  surface  (Cotton,  1948,  ]i.  3001  can  be  seen 
in  the  u])iier  Elk  River-Freshwater  Creek  areas  where  streams  have  cut 
through  the  thin  up])er  Pliocene  veneer.  Sea  cliffs  existed  at  Doe  Creek 
ncnr  the  iii)per  North  Fork  of  Elk  River  (sec.  31.  T.  4  N.,  R.  2  E.,  H.)  as 
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shown  by  the  great  boulders  of  Franciscan  schist,  filled  with  pholas 
borings,  and  by  the  nearby  vertical  depositional  contact  of  the  low- 
dipping  Pliocene  sediments  with  the  resistant  Franciscan  rocks.  This 
was  the  northeastern  margin  of  Pliocene  sedimentation  in  the  Eel  River 
basin.  Separating  this  basin  from  the  Pliocene  embayment  in  the  present 
Mad  River  area  (Manning  and  Ogle,  1950)  was  a  prominent  ridge  of 
rather  resistant  Franciscan  sandstone  and  schist,  now  the  Kneeland- 
Fickle  Ridge. 

Tow^ard  the  end  of  Pliocene  time  the  basin  became  shallow  and  finally 
nonmarine.  The  snrronnding  land  was  gradually  uplifted  and  more  rapid 
downeutting  allowed  sand  and  later  gravel  to  pour  into  the  Eel  River 
basin.  Some  downwarping  of  the  synclinal  Eel  River  trough  also  may 
have  begun.  Although  continental  deposition  probably  continued  througb 
early  Pleistocene  time,  it  was  interrupted  many  times,  as  indicated  by 
the  numerous  diastems  between  coarse  conglomerates  and  marshland 
claystones.  Throughout  this  time  of  deposition,  the  relatively  stable  land 
mass  to  the  east  continued  to  be  eroded  and  the  conglomerate  beds  de- 
posited indicate  streams  with  considerable  velocity  and  gradient. 

During  the  mid-Pleistocene  orogeny,  the  relatively  weak  Tertiary  sedi- 
mentary rocks  were  folded  and  faulted.  AVhere  the  rocks  were  thick  in 
the  southern  and  central  part  of  the  Fortuna  quadrangle,  folding  was 
intense,  but  in  the  northeastern  part  of  the  quadrangle  the  sediments 
were  thin  and  broad  warping  was  characteristic.  As  orogenic  activity 
decreased,  an  epeirogenic  uplift  re-elevated  the  wbole  of  northwestern 
California  and  southwestern  Oregon,  and  a  new  erosion  cycle  began. 

Where  the  Franciscan  and  Yager  formations  remained  as  positive 
areas  during  the  Cenozoic  sedimentation,  the  peneplain  which  had  been 
forming  was  re-elevated  and  renewed  downeutting  began.  The  accordant 
ridge  crests  of  Franciscan  and  Yager  rocks  are  somewhat  lower  in  eleva- 
tion than  the  ridges  in  the  Klamath  Mountains.  The  variation  in  lithology 
of  the  Franciscan  gives  rise  to  many  surface  irregularities,  but  the  ele- 
ments of  the  peneplain  seem  clear.  Some  local  depressions  are  caused  by 
downfaulted  blocks  of  Pliocene  sediments  such  as  in  the  Mad  River  area 
(Manning  and  Ogle,  1950). 

In  the  region  where  Cenozoic  sediments  accumulated  on  the  old  ])re- 
Tertiary  eroded  surface,  rapid  erosion  of  the  youthful  sediments  was 
begun  by  vigorous  streams  as  folding  continued.  In  areas  of  large  folds. 
as  along  Bear  River  Ridge,  the  underlying  older  rocks  were  rapidly 
laid  bare. 

In  the  Oil  Creek  area,  near  the  coasst,  the  Tertiary  sediments  were 
removed  and  stream  gravels  and  littoral  sediments  were  deposited  on 
the  newly  planed  surface.  This  involved  removing  a  tremendous  amount 
of  material  between  mid-Pleistocene  and  the  time  of  deposition  of  the 
terrace  gravels  which  are  now  700  to  900  feet  above  the  sea.  Some  evi- 
dence indicates  that  warping  and  possible  uplift  of  parts  of  the  Humboldt 
basin  may  have  started  in  early  and  middle  Pliocene.  This  would  give 
a  longer  period  for  the  removal  of  lower  Wildcat  sediments  from  the 
Bear  River  Ridge  area.  Fault  movements  in  the  False  Cape  shear  zone 
also  may  have  aided  in  the  uplift  and  removal  of  Pliocene  sediments. 

The  above-mentioned  high  coastal  terrace  deposits  are  probably  con- 
temporaneous, or  nearly  so,  with  the  deposition  of  the  ITookton  forma- 
tion in  the  area  extending  from  Centerville  Beach  to  north  of  Eureka. 
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A  great  valley  plain  was  fashioned  by  the  aneestral  Eel  Kiver,  Van 
Duzen  River,  Salmon  Creek,  Elk  River,  and  subsidiarj^  streams,  with  its 
western  limits  west  of  the  present  coast;  on  this  the  Hookton  formation 
was  laid  down.  Inland,  a  broad  valley-plain  extended  up  the  ancestral 
Van  Duzen  River  past  Hydesville,  and  numerous  small,  high  river 
terrace  deposits  adjacent  to  the  Van  Duzen  may  correlate  with  the  Hook- 
ton  deposition.  The  plain  probably  did  not  extend  much  to  the  east 
of  the  present  Little  Salmon  fault  in  the  area  east  of  Fortuna,  but  to  the 
north  in  the  Rj^an  Creek  area,  the  Hookton  sediments  may  have  lapped 
over  the  low  gentle  surface  for  2  or  3  miles  farther  to  the  east  tlian  their 
present  limit.  Thus,  the  fiat-topped  accordant  ridges  underlain  by 
Pliocene  rocks  in  this  area  are  part  of  a  resurrected  fossil  land  surface. 
Along  the  southern  limits  of  this  middle  to  upper  Pleistocene  coastal 
plain  the  ancestral  Eel  River  had  cut  a  rather  steep  southern  bank  in 
the  resistant  Carlotta  conglomerate.  When  the  Hookton  was  being  de- 
posited the  Van  Duzen  River  flowed  northwest  into  the  Humboldt  Bay 
region,  probably  slightly  east  of  the  present  site  of  Fortuna,  as  shown 
by  the  coarse  boulders  and  cobbles  in  the  Hookton  formation.  The  de- 
posits were  chiefly  fluviatile  channel  deposits,  flood  plain  material,  marsh- 
land deposits  and,  in  the  north,  some  marginal  mud  flat  deposits  con- 
taining marine  organisms.  Slow  subsidence  of  this  coastal  plain  accom- 
panied the  deposition  of  200  feet  or  more  of  these  sediments.  It  is  possible 
that  some  marine  interfingers  may  have  occurred  in  the  area  near  the 
mouth  of  Eel  River.  While  deposition  of  the  Hookton  was  taking  place, 
the  surrounding  country  was  being  eroded  by  streams,  many  of  which 
have  not  yet  changed  their  courses  greatly.  Variations  in  lithology  prob- 
ably resulted  in  an  irregular  topography.  For  example,  the  Scotia  Bluff 
Ridge  underlain  by  resistant  sandstone  and  conglomerate,  extended 
above  the  neighboring  flood  plain,  whereas  the  soft  siltstone  in  tlie  Ryan 
Creek-Freshwater  Creek  area  was  eroded  to  form  a  gentle,  west-sloping 
surface  upon  which  the  Hookton  formation  lapped. 

In  the  late  Pleistocene,  the  Hookton  formation  was  warped  into  broad 
gentle  folds  which  followed  closely  the  axes  of  the  mid-Pleistocene  struc- 
tures. Where  mid-Pleistocene  folds,  such  as  the  Eel  River  syncline,  were 
broad  and  gentle,  the  Hookton  beds  were  warped  into  gently  tilted  plane 
surfaces.  From  Tompkins  Hill  north  to  Humboldt  Hill,  the  small  folds 
were  more  numerous  and  tighter. 

The  Hookton  was  apparently  somewhat  uplifted,  but  it  is  diflicult  to 
separate  the  continued  Avarping  of  these  structures  from  purely  vertical 
regional  uplift  or  eustatic  changes  of  sea  level.  The  net  result  is  a  differ- 
ential elevation  of  various  areas  of  Hookton,  or  correlated  deposits.  Thus, 
if  the  terrace  deposits  south  of  Bear  Gulch  (800  feet  present  elevation) 
and  south  of  Fleener  Creek  (present  elevation  650  feet)  are  the  same  age 
as  tlie  Hookton  formation,  an  elevation  of  the  south  flank  of  the  Eel  River 
syncline  is  indicated.  This  warping  probably  involved  a  tighter  com- 
pressing of  the  mid-Pleistocene  folds.  As  the  deposition  of  100  to  400  feet 
of  the  Hookton  formation  must  have  occurred  in  a  sinking  basin,  at  or 
near  sea  level,  some  epeirogenic  change  is  indicated.  Along  the  western 
part  of  the  Eel  River  syncline  there  may  bo  Hookton  sediments  which 
are  now  covered  by  later  alluvial  deposits. 

As  the  smooth  Hookton  plain  was  being  slowly  warped  and  (Novated, 
the  whole  region  was  rejuvenated  and  downcutting  was  intensified.  The 
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present  courses  of  streams  emptying  into  the  lowland  areas  began  to 
evolve. 

The  best  record  of  post-Hookton  events  is  in  the  vicinity  of  the  Yager 
Creek- Van  Duzen  River  confluence.  During  the  late  Hookton  deposition 
the  Van  Duzen  River  followed  a  course  north  of  the  Scotia  Bluffs  Ridge, 
thence  northwest  near  Hydesville  and  Rohnerville.  Evidence  that  Yager 
Creek  flowed  into  the  Van  Duzen  just  south  of  Rohnerville  is  given  by  the 
channel  of  ancestral  Yager  Creek  in  the  elevated  Hookton  surface  near 
Wolverton  Gulch.  As  the  warping  progressed,  the  Van  Duzen  River  and 
Yager  Creek  cut  new  valley  plains  in  the  Hookton  deposits,  leaving  as  a 
remnant  of  these  early  plains  the  intermediate  terrace  near  the  Rohner- 
ville airport.  The  Van  Duzen  River  then  carved  a  fairly  sharp  bank  in 
the  Hookton  terrace  along  its  course  from  the  present  mouth  of  Wolver- 
ton Gulch  northwest  through  Rohnerville  and  Fortuna  and  thence  west 
from  Fortuna  to  its  former  confluence  with  the  Eel  River.  In  maintaining 
its  gradient  with  the  controlling  Van  Duzen  River,  Yager  Creek  swung 
farther  southeast,  forming  the  Rohnerville  deposits  in  the  vicinity  of 
Hydesville.  The  deposits  formed  on  this  valley  plain  were  extensive  al- 
though only  12  to  25  feet  thick.  Continued  activity  along  the  old  axes 
warped  this  very  late,  poorly  consolidated  terrace  deposit.  From  south  to 
north  this  folded  plane  now  dips  2°  to  3°  S.  at  Grizzly  Bluff  on  the  south 
limb  of  the  Alton-Grizzly  Bluff  anticlines,  then  can  be  projected  over  the 
anticlinal  axes  and  then  dips  5°  N.,  forming  the  surface  of  the  terrace 
north  of  Alton.  The  plane  continues  dipping  gently  north  to  the  axis  of 
the  Eel  River  syncline  where  it  is  almost  flat.  From  there  it  begins  to  rise 
gently  to  the  north  (in  the  city  of  Fortuna)  with  a  slope  of  1°  to  2°.  West 
of  Fortuna  the  Rohnerville  formation  has  been  eroded  by  the  modern  Eel 
River.  Some  of  the  undifferentiated  terrace  deposits,  for  example  at 
Spruce  Point,  may  be  correlative  with  the  Rohnerville  formation.  Fol- 
lowing the  deposition  of  the  Rohnerville  a  series  of  at  least  eight  terrace 
levels  was  developed  by  Yager  Creek.  It  is  probable  that  these  are  non- 
cyclic  terraces  (Cotton,  1948,  p.  193)  formed  by  the  meandering  of  a 
graded  stream.  As  the  Van  Duzen  was  downcuttiug.  Yager  Creek  was 
attempting  to  maintain  grade  and  as  the  meanders  of  Yager  Creek  shifted 
a  thin  gravelly  surface  was  left  behind.  When  the  channel  again  swung 
back  it  had  lowered  a  few  feet,  and  the  former  stream  level  had  become 
a  terrace.  It  should  be  noted  that  these,  as  well  as  most  other  older  ter- 
race deposits,  were  rock-defended,  as  a  result  of  being  deposited  on 
resistant,  cliff-forming  Carlotta  conglomerate. 

The  present  elevation  of  some  of  the  terraces  may  result  from  local 
warping  or  minor  uplift. 

After  the  time  of  deposition  of  the  Hookton  formation.  Eel  River  also 
contributed  to  deposits  which  now  stand  as  terrace  cappings  several  hun- 
dred feet  above  the  present  river.  Some  of  the  higher  levels  west  of  Rio 
Dell  probably  correlate  with  the  Rohnerville  terrace,  and  the  terrace 
gravels  capping  Grizzly  Bluff  are  a  part  of  the  arched  Rohnerville  ter- 
race. The  multiple  terraces  west  of  Rio  Dell,  south  of  Metropolitan,  south- 
west of  the  mouth  of  Oil  Creek,  and  at  Grizzly  Bluff',  which  show  a  lower 
flat  i)lain  flanked  by  side  terrace  surfaces  25  to  50  feet  higher,  ai-e  old 
channels  and  flood  plains  preserved  as  the  river  swung  out  of  its  course 
farther  upstream.  The  late  history  of  Eel  River  involves  a  progressive 
moving  of  the  channel  from  the  northern  edge  of  its  valley,  north  of 
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Metropolitan,  to  its  present  course  between  Metropolitan  and  the  mouth 
of  Y{\n  Duzon  River.  A  series  of  low  terraces  made  up  of  pebbles,  sand, 
and  capped  with  silt,  were  formed.  Numerous  irregular  old  channels  have 
been  preserved.  Perhaps  the  swinging  of  the  Eel  River  to  the  south  and 
west  here  resulted  from  the  difficulty  of  cutting  north  through  the  hard 
sandstones  and  conglomerates,  compared  to  the  cutting  of  the  mudstone 
and  siltstone  south  of  the  barrier.  Then,  as  the  grade  relationship  with 
the  Van  Duzen  changed,  successive  lower  terraces  were  left.  Coupled  with 
this  lithologic  barrier  may  have  been  the  continuous  slight  arching  of  the 
Alton  and  Grizzly  Bluff  anticlinal  areas. 

From  the  confluence  of  the  ancient  Eel  and  Van  Duzen  Rivers,  the 
combined  rivers '  course  was  westward  along-  the  line  formed  by  the 
present  abrupt  slope  bordering  the  south  edge  of  the  Eel  River  Valley. 
This  sharp  line  was  cut  since  deposition  of  the  Rohnerville  terrace.  Evi- 
dence east  of  this  area  indicates  that  the  Mad  River  has  captured  part  of 
the  Van  Duzen  drainage  to  the  northeast  and  a  branch  of  the  North  Fork 
of  the  Eel  River  has  captured  part  of  the  drainage  from  the  south.  From 
its  previous  course  along  this  south  margin  of  the  valley  plain,  the  Eel 
River  has,  by  progressive  meanders  and  braiding,  swung  north  and  east 
to  Fernbridge.  From  there  it  shows  considerable  meandering  and  some 
braiding  in  its  lower  course.  The  record  of  the  meandering,  northeast- 
ward progression  is  shown  by  successive,  low  noneyclic  terrace  levels,  and 
the  preservation  of  old  channels.  At  some  moderately  recent  time  the  Eel 
swung  northeast  out  of  its  channel  cutting  off  the  Salt  River's  most  im- 
portant water  source.  At  the  present  time  flood  waters  from  the  Eel  occa- 
sionally may  flow  through  the  channel,  but  the  rest  of  its  water  source 
is  from  such  streams  as  Williams  Creek  and  Francis  Creek.  Near  its 
mouth.  Salt  River  receives  tidal  water  and  is  brackish.  In  its  lower  course, 
the  channel  of  the  Eel  shifts  annually  in  sweeping  meanders  causing 
considerable  property  redistribution.  The  sloughs,  drowned  channels, 
tidal  incursion,  and  spits  indicate  a  local  subsidence  of  the  coast.  The  Eel 
drainage  is  drowned  at  the  mouth.  Man-made  dikes  and  levees  now  pro- 
tect much  of  the  land  and  affect  the  course  of  the  river  and  its  normal 
sedimentation.  U.  S.  Coast  and  Geodetic  Survey  Chart  5602  (1940)  shows 
no  evidence  of  delta  formation  offshore ;  instead,  the  strong,  along-shore 
currents  build  spits  across  the  mouth  of  the  Eel  Bays  and  Humboldt  Bay. 

The  lower  Eel  River  follows  generally  the  trough  of  the  Eel  River 
sj^ncline.  If  warping  is  continuing,  the  area  near  the  mouth  of  the  river 
would  be  submerged  due  to  structural  forces.  Data  from  shallow  wells 
indicate  lenticular  channel  flood  plain  and  mud  flat  deposits  to  depths 
of  100  feet,  but  the  age  of  these  mav  be  from  the  time  of  Ilookton  deposi- 
tion to  Recent.  At  the  Connick  well  (sec.  82,  T.  3  N.,  R.  2  W.,  II.  1  oyster 
shells  wei'c  found  at  a  depth  of  20  feet  in  poorly  compacted  clay,  perhaps 
indicating  doAvnwarping  exceeded  sedimentation  at  some  recent  time, 
or  perhaps  a  bay  may  have  been  at  an  earlier  mouth  of  the  Eel  River. 

As  gentle  warping  began,  the  Ferndale  Hills  and  coastal  area  were 
raised  and  tilted  northward.  Rotational  elevation  has  continued  to  the 
present,  raising  the  wave-cut  terrace  (sec.  25,  T.  2  W.,  R.  4  W.,  H.)  to 
an  elevation  of  f)50  feet  while  the  Ilookton  formation  at  Centerville  Beach 
passes  l)el()w  sea  level.  Suhse(|uent  streams  sueli  as  Fleener,  (iuthrie,  and 
Oil  Creek  were  rejuvenated  and  cut  deep  canyons.  Oil  Creek  has  a  pecul- 
iar course  which  may  liave  resulted  from  its  being  a  superposed  stream, 
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but  which  may  also  have  been  afifected  by  landslide  effects  near  the 
month.  A  similar  bnt  larger  slnmp  has  caused  past  ponding  and  allnvia- 
tion  at  the  east  edge  of  sec.  24,  T.  2  N.,  E.  3  W.,  H. 

Along  the  coast,  a  steep  wave-cut  cliff  has  developed.  As  the  large 
waves  sweep  in  from  offshore,  they  undercut  the  soft  sediments  which 
temporarily  maintain  nearly  vertical  cliff  faces.  Undercutting  produces 
numerous  slumps  whose  development  is  aided  by  bedding-plane  slip  in 
the  interbedded  sandstones  and  mudstones.  As  the  slumps  develop,  small 
rivulets  are  formed  which  grow  by  further  head  ward  stream  erosion  and 
by  slumping. 

Warping,  which  took  place  after  deposition  of  the  Hookton,  arched 
the  Table  Bluff,  Tompkins  Hill,  Humboldt  Hill,  and  Pine  Hill  areas.  The 
physiographic  form  of  some  of  these  ridges  outlines  the  underlying  struc- 
ture. Consequent  streams  began  flowing  down  dip,  and  continued  head- 
ward  erosion  has  since  cut  many  sharp  V-eanyons  in  this  warped  plain. 
Many  smooth  interstream  surfaces  remain  because  these  areas  are  still 
in  a  youthful  cycle  of  erosion. 

As  these  consequent  streams  were  eroding  the  upwarped  areas,  the 
antecedent  and  essentially  subsequent  Salmon  Creek  and  Elk  River  were 
attempting  to  maintain  grade.  New  valley-plains  were  developed,  the 
remnants  of  which  remain  as  valley-plain  terraces  near  Beatrice,  Fields 
Landing,  and  lower  Elk  River.  During  this  time  Salmon  Creek  must 
have  flowed  in  the  alluvial  valley  now  occupied  by  Little  Salmon  Creek. 

The  North  Fork  of  Elk  River  has  numerous  recently  incised  meanders 
and  a  well-developed  low  terrace  level,  developed  by  warping  transverse 
to  the  flow  direction,  aggradation,  and  later  uplift. 

Ryan  Creek  is  a  minor  stream  flowing  north  into  Freshwater  Slough 
and  Humboldt  Bay.  Its  ancestral  history  differs  from  that  of  other 
streams  in  that  it  originally  flowed  on  the  Hookton  plain-surface  through- 
out its  course.  At  the  present  time,  it  is  eroding  AYildcat  siltstone  and 
mudstone,  having  recently  cut  through  the  Hookton  capping.  It  may  owe 
its  origin  to  some  old  north-trending  channel  or  other  irregularity  on 
the  Hookton  plain.  If  this  is  true,  Ryan  Creek  was  antecedent  and  began 
renewed  downcuttiug  as  the  Hookton  was  uplifted.  As  gentle  folding 
of  the  Pine  Hill  anticline  progressed,  the  upper  part  of  the  creek  began 
aggrading  and  wide  alluvial  areas  were  developed.  In  the  axial  area  of 
transverse  warp  vertical  corrasion  was  more  rapid  as  the  antecedent 
stream  was  attempting  to  maintain  grade  in  an  area  of  local  uplift. 

At  present  Humboldt  Bay  consists  of  a  long,  narrow,  shallow  body  of 
water  with  an  enlargement  at  the  south,  called  South  Bay,  and  a  larger 
one  at  the  north,  Areata  Bay.  The  bay  is  separated  from  the  Pacific 
Ocean  for  most  of  its  extent  by  the  South  Spit  and  North  Spit ;  its  only 
inlet  is  less  than  half  a  mile  wide  and  is  kept  this  large  only  by  man-made 
jetties  and  constant  dredging. 

From  the  distribution  pattern,  lithologic  character,  and  limited  fossil 
evidence  it  is  probable  that  the  ancestral  Van  Duzen-Eel  River  system 
may  have  flowed  northward  during  Hookton  deposition.  This  drainage 
may  have  emptied  into  a  large  ancestral  bay  extending  far  north  and 
south  of  the  present  one.  As  warping  of  the  Hookton  began,  the  great 
southern  streams  were  blocked  off  by  the  development  of  Table  Blufi' 
and  the  new  bay  area  was  delimited.  To  the  north,  Mad  River  flowed 
into  this  ancestral  bay-coastal  plain  during  Hookton  deposition  and  its 
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course  was  not  greatly  affected  by  the  very  slight  warping  which  followed. 
Mad  River  until  fairly  recent  times  flowed  into  Areata  Bay  by  way  of 
Mad  River  Slouch  ;  tlnis  Areata  Bay  is  principally  the  drowned  mouth 
of  the  old  Mad  River,  across  which  has  been  developed  the  North  Spit. 
To  a  les.ser  extent  it  also  formed  by  being  the  drowned  mouths  of  Fresh- 
water and  Jacoby  Creeks.  South  Bay  may  have  had  some  partially  con- 
trolling factor  such  as  downwarping,  but  it  appears  to  be  the  drowned 
mouths  of  Salmon  Creek  and  Elk  River  which  have  been  sheltered  from 
the  ocean  by  the  building  of  the  South  Spit.  The  narrow  connecting 
channel  between  Areata  Bay  and  South  Bay  is  maintained  by  the  pro- 
tecting spits  which  are  positioned  by  headlands  to  the  north  and  south, 
and  by  currents  sweeping  through  the  bay  entrance.  The  peculiar  coral 
reef  feature  seen  on  the  topographic  map  at  the  mouth  of  Hookton  Slough 
is  the  result  of  the  breaking  of  a  dike,  and  flooding  of  the  enclosed  land, 
leaving  only  the  dike  emerged. 

Summary  of  Events.  Long  gaps  in  the  record  exist  between  Yager 
deposition  and  the  start  of  mid-Miocene  deposition.  The  region  at  the 
start  of  this  deposition  must  have  been  generally  peneplained. 

Marine  deposition  began  in  the  mid-Miocene  and  continued  into  upper 
Pliocene  time.  Marginal  warping  and  uplift  contributed  to  tlie  start  of 
nonmarine  deposition  in  uppermost  Pliocene,  which  continued  into  the 
early  Pleistocene.  Erosion  by  streams  with  steep  gradients  was  rapid. 

In  mid-Pleistocene  (?)  a  strong  orogeny  intensely  folded  and  faulted 
the  thick  Cenozoic  sedimentarj^  rocks,  but  only  broadly  warped  the 
thin  Tertiary  sediments  and  older  rocks.  Some  old  fault  systems  and  fault 
zones  were  reactivated. 

The  folded  and  faulted  rocks  were  being  eroded  during  and  after  the 
orogeny.  Although  the  whole  region  was  not  yet  peneplained,  broad 
valley-plains  were  developed  in  which  Hookton  sediments  were  deposited. 
Contemporaneous  with  this  was  the  deposition  of  some  marine  wave-cut 
and  isolated  stream  terraces. 

Hookton  deposition  was  brought  to  a  close  by  warping  and  regional 
uplift.  New  valley-plains  were  cut  in  the  lowlands.  Deposition  was  inter- 
spersed with  periodic  uplifts  forming  several  levels  of  valley  i)]ain  ter- 
races. The  modern  rivers  began  to  develop  their  present  patterns.  The 
surrounding  older  rocks  were  continually  being  elevated  and  recut  by 
streams  with  steep  gradients. 

Numerous  low  terraces  were  formed  along  the  larger  rivers  after 
Hookton  time ;  these  are  partly  noncyclic  effects  of  a  downcutting  stream 
but  some  late  warping  and  uplift  may  be  involved.  Surrounding  moun- 
tainous regions  have  continued  to  be  uplifted  and  many  streams  show 
a  recent  sharp  V-canyon  cut  into  an  older  broader  valley.  The  present 
topography  of  the  upland  regions  is  that  of  late  adolesjcenee  or  early 
maturity,  while  the  area  of  post-Wildcat  sediments  is  in  a  youtlifnl 
cycle  of  erosion. 

Landslides.  Landsliding  and  slumping  have  important  effects  on 
present  landforms.  Tjandslides  are  much  more  numerous  than  the  fea- 
tures mapped,  which  do  not  begin  to  represent  the  amount  of  material 
that  is  actually  slumping  or  has  slumped.  Where  heavy  forests  cover 
the  surface  it  is  impossible  to  show  the  outline  of  slumps,  and  even  in 
open  areas  minor  slippages  cannot  be  shown  on  the  scale  of  the  map. 
Following  the  classification  of  Sharpe  (1938)  most  of  the  major  features 
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are  slumps,  but  some  rockslides  or  debris  slides  and  mud  flows  may  be 
recognized. 

Slumps.  Most  slumps  have  taken  place  on  surfaces  where  Wildcat 
mudstones  are  exposed.  Particularly  vulnerable  are  areas  of  Rio  Dell 
and  Pullen.  Much  of  the  landscape  of  the  Ferndale  Hills  is  carved  by 
this  process.  A  cirque-like  head  marks  the  start  of  most  slump  scars,  the 
soft  mudstones  move  as  a  series  of  irregular  blocks  which  may  rotate 
forward  or  backward,  depending  on  the  steepness  of  slope  and  position 
on  the  slumps.  Successive  major  slumps  may  be  identified. 

Some  slumps  having  important  movement  within  recent  j'ears  are  the 
1906  slump,  the  Crosby  slump,  and  the  0  'Rourke  slump. 

In  1906,  at  the  time  of  the  great  earthquake,  a  large  mass  slumped  into 
the  ocean  in  sec.  26,  T.  2  N.,  R.  3  W.,  H.  (Matthes,  1908) .  The  mass  moved 
as  a  rotating  block ;  the  lower  part  of  the  block  slumped  into  the  ocean 
and  was  removed  by  wave  action,  while  the  upper  surface  of  the  mass 
tilted  toward  the  scar  but  dropped  about  300  feet  from  its  original  posi- 
tion. Some  terrace  gravels  still  cap  the  surface  of  this  backward-tilted 
slump-block.  A  small  lake  has  been  formed  in  the  scar  cavity  and  the 
slopes  of  the  scar  are  covered  with  spruce  trees  all  of  the  same  age.  The 
slump  took  place  in  an  area  of  numerous  older  slumps  and  it  is  probable 
that  the  material  was  poised  for  slipping  and  the  earthquake  acted  as  a 
trigger  for  the  actual  break.  There  is  no  evidence  that  the  slumping  is 
directly  connected  with  movement  along  a  fault. 

A  recent  large  movement  on  an  old  slumped  area  took  place  in  1935 
on  the  Crosby  ranch  in  sec.  17,  T.  2  N.,  R.  1  W.,  H.  This  slump  is  composed 
of  numerous  small  rotating  blocks.  The  present  topographic  form  is 
rumpled,  and  numerous  small  ponds  have  developed  as  a  result  of  the 
slumping. 

The  best  documented  of  the  slumps  took  place  in  1950  during  the  heavy 
winter  rains  in  the  vicinity  of  the  0 'Rourke  barns  (sec.  34,  T.  2  N.,  R. 
2  "W.,  H.)  on  an  area  of  old  slumping.  Curved  blocks,  sub-parallel  to 
the  outline  of  the  cirque  scar  rotated  forward  in  a  manner  similar  to  a 
tipped  deck  of  cards.  0 'Rourke 's  barn  was  damaged,  the  road  was  de- 
stroyed, and  some  smaller  buildings  were  ruined.  Movement  on  some  of 
the  rotating  blocks  took  place  over  several  days.  Actual  movement  of  the 
individual  blocks  was  only  a  few  inches  a  day.  Slow  creep  continued  after 
apparent  movement  had  ceased,  resulting  in  the  snapping  of  a  replaced 
phone  line  several  weeks  later.  George  Waldner,  editor  of  the  Ferndale 
Enterprise,  and  Joseph  Bognuda  of  the  University  of  California  Seis- 
mograph Station,  Ferndale,  observed  the  slumping.  Mr.  Waldner  kindly 
furnished  the  writer  an  account  of  the  slump  and  contributed  photo- 
graphs. Some  minor  faulting  near  the  head  of  the  slump  probably  had 
no  direct  effect  on  the  movement.  This  is  another  example  of  becoming 
"re-greased"  during  heavy  rains,  and  slipping;  some  undercutting  by 
the  headwaters  of  Price  Creek  was  involved  in  the  ancestral  history  of 
this  slumped  region. 

Slumps  are  important  in  this  region  because  of  the  damage  produced 
occasionally,  but  more  because  they  furnish  somewhat  flatter  areas  which 
are  often  tilled,  and  also  provide  numerous  springs.  The  effectiveness  of 
slumping  as  an  erosional  agent  is  gr-eat.  The  rapid  erosion  which  must, 
have  taken  place  during  later  Cenozoic  time  was  probably  accomplished 
by  mass  wastage  such  as  slumps  and  mud  flows. 
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Rock  Slides  or  Debris  Slides.  On  tJie  coast  there  are  numerous  slides 
of  material  alon":  the  dip  planes  of  the  interbedded  sandstones  and  mud- 
stones  of  the  liio  Dell  formation.  Moisture  works  along  the  permeable 
sandstone  and  causes  plasticity  of  the  interbedded  mudstone.  As  under- 
cutting by  -wave  action  takes  place,  a  great  block,  perhaps  including  vege- 
tatioTi  in  place,  will  slip  on  a  bedding  surface.  Some  of  the  low  dips  of 
beds  along  the  coast  may  be  the  result  of  an  analogous  slipping  of  large 
masses  along  such  bedding  planes. 

Similar  rock  slides  or  debris  slides  are  common  in  the  heavily  wooded 
area  in  sec.  35,  T.  2  X.,  R.  1  E.,  H.,  where  the  claystone  beds  of  the  Car- 
lotta  formation  become  lubricated. 

Mud  Flows.  Some  slides  in  Yager  sediments  are  combinations  of  vari- 
ous types  of  sliding  and  slumping.  For  example,  in  the  large  Blanton 
slide  in  the  eastern  part  of  the  Fortuna  quadrangle  some  slumping  has 
taken  place  at  the  cirque-head  of  this  feature  but  much  of  the  lower  part 
has  been  lubricated  with  water,  resulting  in  the  resistant  chips  of  Yager 
sandstone  and  shale  being  moved  along  in  a  sea  of  mud.  The  slide  is  a 
jumble  of  debris.  Part  of  the  Blanton  slide  is  an  old  one  upon  which  are 
growing  redwood  trees  1.000  to  2,000  years  in  age.  Considerable  of  the 
forested  area  must  be  underlain  by  old  slumps. 

The  material  clogging  Wilson  Creek,  Cuddeback  Creek,  and  Fielder 
Creek,  in  the  southeastern  part  of  the  Fortuna  quadrangle,  is  largely 
mud-flow  debris.  An  even  larger  flow  is  present  in  Cummings  Creek  imme- 
diately to  the  east  of  this  area.  Some  of  these  mud  flows  are  over  100  feet 
thick  as  exposed  by  recent  stream  cutting.  This  entire  thickness  is  made 
up  of  rubble  of  Yager  debris  mixed  with  a  few  Carlotta  pebbles.  In  some 
places  the  Yager  debris  has  moved  more  than  2  miles  from  the  nearest 
outcrop.  Most  of  these  accumulations  are  relatively  old ;  one  has  a  stream 
terrace  deposit  of  the  Van  Duzen  River  deposited  across  the  lower  end 
of  it.  Late  movements  on  the  Yager  or  Little  Salmon  faults  or  both  may 
have  caused  these  great  mud  flows.  On  Cummings  Creek  (eastern  part  of 
sec.  30,  T.  2  N.,  R.  2.  E..  H.)  a  more  recent  flow  or  slide  wiped  out  the 
large  old  redwoods  and  the  slide  is  now  occupied  by  a  more  youthful 
stand  of  Douglas  fir. 

ECONOMIC  GEOLOGY 
Oil  and  Gas 

A.  H.  Weber  (1887)  has  an  authentic  account  of  the  early  development 
of  the  petroleum  industry  in  Humboldt  County.  I^Fost  of  the  development 
was  in  the  ^Mattolo-Bear  River  area  south  of  the  region  covered  in  this 
report,  but  he  mentions  the  wells  drilled  in  the  Oil  Creek  area.  Of  the 
Fortuna  quadrangle,  he  says :  "When  cutting  the  tunnel  (1940  feet  long) 
on  the  Eel  River  and  Eureka  Railroad,  in  sees.  8  and  17,  T.  3  N.,  R.  1  W., 
great  difficulty  was  experienced  on  account  of  the  inflammable  gas  flow- 
ing from  the  strata  pierced."  The  tunnel  was  driven  through  the  anti- 
clinal fohl  later  drilled  bv  The  Texas  Compaiiv  in  1937. 

F.  M.  Anderson  (1900).  Walter  Stalder  (1914,  194^,  A.  K.  P.  Har- 
mon, Jr.,  (1914),  L.  Yander  Leek  (1921),  II.  W.  Hoots  (1928),  W. 
Stalder  (1941 ),  and  C.  V.  Averill  (1941 )  all  discuss  petroleum  in  north- 
western California, 
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Surface  Indications  of  Petroleum.  At  the  mouth  of  Oil  Creek,  see. 
26,  T.  2  N.,  R.  3  W.,  H.,  the  writer  observed  an  active  oil  seep  in  1948. 
Bubbles  of  light  green  oil  wliich  rose  to  the  surface  of  a  pool  in  Oil  Creek, 
were  quickly  carried  awa.v  by  the  fast  moving  stream.  When  revisited  in 
1950,  the  seep  could  not  be  found,  possibly  because  of  the  shifting  of  the 
stream  gravels  and  clays.  Hoots  (1928)  also  noted  a  seep  in  this  same 
area.  Taliaferro  (oral  communication,  1949)  recalled  a  large  active  seep 
between  Oil  Creek  and  False  Cape,  but  this  could  not  be  found  by  the 
writer.  Between  Oil  Creek  and  Bear  River  most  of  the  shear  zone  rocks 
emit  a  strong  gasoline  or  kerosene  odor  when  broken.  On  some  of  the 
freshly  wave-cut  cliffs  the  odor  is  very  strong.  The  odor  is  probably  a 
result  of  rapidly  volatilizing,  high-gravity  petroleum  similar  to  that 
found  in  wells  to  the  south.  In  the  same  general  area  there  is  an  active 
gas  seep  in  a  large  slide  area  containing  both  Pullen  sediments  and  False 
Cape  shear  rocks.  At  this  point  inflammable  gas  is  presently  rising  from  a 
water-filled  pot  hole.  A  gas  seep  in  sec.  36.  T.  2  N.,  R.  2  W.,  H.,  in  upper 
Price  Creek  was  described  by  Stalder  (1914) .  He  stated,  "The  gas  burned 
with  a  luminous  flame  and  smelled  of  gasoline."  The  area  is  presently 
covered  by  Tertiary  slide  debris. 

Gas  seeps  are  present  in  the  northern  part  of  the  area  near  Little  Sal- 
mon Creek  in  the  vicinity  of  the  projection  of  the  Yager  fault. 

Local  residents  report  numerous  other  gas  seeps  which  become  visible 
in  the  winter  when  the  ground  is  wet  or  when  there  are  forest  fires.  Most 
of  these  could  not  be  located  in  the  summer  months. 

A  near-surface  indication  of  cas  was  reported  during  the  drilling  of  a 
water  well  (1948)  in  sec.  12,  T.  2  N.,  R.  1  W.,  H. 

South  of  the  mapped  area  in  the  Bear  River-Mattole-Briceland  area, 
over  50  wells  have  been  drilled  in  the  past  85  years.  Some  have  been  small 
temporary  producers  of  high-gravity  oil,  and  some  gas.  Most  of  these 
have  been  drilled  near  seeps  without  consideration  of  structure.  Many 
have  been  in  steep  dipping  shear-rocks. 

Exploration  for  Petroleum.  The  surface  indications  of  petroleum 
show  that  both  natural  gas  and  oil  are  present  in  the  area.  The  most  im- 
pressive seeps  are  from  the  pre-Tertiary  rocks,  indicating  that  the 
Yager  and  possibly  Franciscan ( ?)  sediments  nnist  be  source  beds  for 
some  seeps.  The  gas  in  the  Tompkins  Hill  gas  field  may  have  its  source 
in  sediments  of  the  \Yildcat  group.  Although  the  organic  content  of  any 
particular  part  of  the  Wildcat  is  not  particularly  high,  the  total  amount 
is  relatively  large  because  of  the  great  thickness  of  marine  rocks. 

The  sandstone  beds  of  the  Rio  Dell  and  part  of  the  Eel  River  and 
Pullen  formations  are  all  possible  reservoir  rocks ;  in  fact,  sandstone  of 
the  Rio  Dell  formation  is  productive  in  the  Tompkins  Hill  gas  field. 
Lenticularity  is  characteristic  of  all  these  sandstone  members,  indicating 
that  stratigraphic  traps  may  exist.  The  productive  sands  in  the  Tomp- 
kins Hill  gas  field  vary  considerably  in  productivity  and  stratigraphic 
position  in  the  relatively  short  distance  between  wells.  Rocks  of  tlie  Yager 
and  Franciscan  do  not  appear  to  be  suitable  reservoir  rocks,  although 
some  sheared  areas  may  be  permeable.  McNaugliton  (1951 )  has  recently 
pointed  out  the  dynamic  role  of  dilatancy  in  brittle  basement  rocks  and 
has  indicated  that  late  fracturing  might  effectively  suck  in  the  petro- 
leum. False  Cape  shear  zone  rocks  might  be  suitable  reservoir  rocks  for 
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limited  production,  but  the  writer  knows  of  no  suitable  cap  rock  in  this 
area. 

Mudstone  beds  of  the  Wildcat  group  form  suitable  cap  rocks  for  the 
interbedded  sandstones.  Some  claystones  in  the  upper  part  of  the  non- 
marine  section  might  act  as  cap  rocks  for  the  very  permeable  Scotia 
Bluffs  and  Carlotta  sediments,  although  these  excellent  potential  reser- 
voirs have  been  eroded  from  most  structures. 

Some  structural  traps  may  exist  where  east-trending  structures  are 
cut  by  the  Yager-Little  Salmon  fault.  Judging  by  the  stratigraphy,  struc- 
tures in  the  southern  and  western  part  of  the  area  would  have  the  best 
possibility  as  traps.  The  Tompkins  Hill  gas  field  has  shown  that  trapping 
is  possible  in  anticlinal  structures  in  this  area. 

The  writer  believes  that  future  exploration  and  drilling  will  prove 
the  existence  of  other  commercial  accumulations  of  gas  and  possibly  oil. 

Tompkim  Hill  Gas  Field  {Eureka  Gas  Field).  The  Texas  Company 
"Eureka"  2,  drilled  in  1937,  was  the  discovery  well  of  this  field.  A  total 
of  10  wells  has  been  drilled  to  January  1,  1953 ;  all  except  the  Texas 
Company  ' '  Eureka ' '  3  have  been  commercial  producers  of  dry  gas.  The 
gas  is  purchased  by  the  Pacific  Gas  and  Electric  Company,  who  dis- 
tribute it  as  fuel  to  neighboring  communities.  Population  growth  in 
Humboldt  County  in  the  years  1940-50  is  an  important  factor  in  the 
drilling  and  expansion  of  the  field  in  1951-52. 

Trapping  of  the  gas  is  due  largely  to  anticlinal  closure  but  also  may 
be  partly  controlled  by  the  Little  Salmon  fault  and  lenticularity  of  sand 
bodies.  The  producing  sands  are  in  the  middle  part  of  the  Pio  Dell  forma- 
tion ;  some  gas  also  has  been  observed  in  the  lower  part  of  the  Wildcat 
group. 

Hematite 

Laizure  (1925)  gave  an  account  of  the  Centerville  hematite  deposit 
4  miles  south  of  Centerville.  The  material  has  been  described  as  a  vein  of 
hematite  8  feet  wide,  containing  numerous  veins  of  calcite ;  it  has  a 
brownish-red  color  and  "tends  to  scale  off  like  micaceous  iron."  Some 
of  the  ore  was  ground  and  used  locally  as  a  mineral  paint.  The  only  ma- 
terial seen  by  the  author  which  resembles  such  a  description  is  the  highly 
altered  basalt-greenstone  present  in  the  False  Cape  shear  zone  at  the 
mouth  of  Oil  Creek.  This  large  mass  is  an  isolated  fragment,  10  feet  in 
diameter,  which  is  highly  veined  with  laumontite,  chlorite,  and  calcite. 
The  surface  of  the  altered  volcanic  is  brick-red,  and  most  fracture  sur- 
faces are  similarly  coated.  It  is  probable  that  the  iron  oxide  coating  is 
limonite  and  not  hematite.  The  material  is  impure  and  of  very  low  grade. 

Lignite 

All  of  the  lignite  deposits  are  in  either  the  upper  part  of  the  Wildcat 
group  or  the  Hookton  formation.  To  the  east  in  Trinity  County  there  are 
several  lignite  deposits  in  lacustrine  Eocene-Oligocene  beds.  Most  of 
the  lignite  beds  in  Humboldt  County  are  thin  and  lenticular.  Those  of 
the  Wildcat  are  harder,  more  deiisp.  compact,  higher  in  carbon  content, 
and  of  better  grade  than  those  of  the  Hookton. 

Weber  (1887,  p.  186)  described  lignite  beds  found  at  12th  and  L 
Streets  in  Eureka ;  one  bed  was  22  inches  thick  and  the  other  12  inches 
thick.  ' '  The  lignite  is  a  very  poor,  soft  material,  soaked  with  water,  in 
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reality  being  onlj^  a  somewhat  consolidated  peat.  It  must  be  dried  like 
peat  before  it  can  be  used.  The  only  use  that  has  been  made  of  it  has 
been  to  help  burn  the  bricks  made  of  tlie  clay  and  sand  found  above  and 
below  the  lignite.  The  clay  below  it  is  an  excellent  material  for  brick 
making,  particularly  when  mixed  with  some  sand."  This  deposit  was 
probabl.y  in  the  Ilookton  formation. 

Another  thin  lignite  bed,  averaging  6  inches  in  thickness  is  in  the 
Hookton  formation  at  a  sharp  bend  of  the  south  branch  oi'  Rohner 
Creek  NW-jSEi  sec.  25,  T.  3  N.,  R.  1  W.,  II.  It  is  similar  to  those  men- 
tioned above  and  is  also  of  little  economic  value. 

Numerous  other  occurrences  of  lignite  are  in  the  Humboldt  Hill  area, 
but  all  are  thin  and  of  similar  low  grade. 

There  is  an  8  inch  lignite  bed  interbedded  with  clay,  ash,  and  sand- 
stone in  the  NEiSE^  sec.  19,  T.  3  N.,  R.  1  W.,  H.  The  lignite  is  part  of 
the  Carlotta  formation.  It  is  dark  in  color,  has  a  woody  texture,  is  brittle, 
and  will  burn  with  a  sooty  flame.  Upon  standing  it  has  a  tendency  to 
slake.  No  economic  use  has  been  made  of  this  material  and  it  is  doubtful 
whether  it  is  extensive  enough  or  of  high  enough  quality  to  warrant  its 
recovery. 

Several  similar  beds  of  lignite  are  present  in  the  SWi  sec.  36,  T.  2  N., 
R.  1  E.,  H.  They  are  interbedded  witli  the  blue-gray  claystones  of  the 
Carlotta  formation. 

Another  such  bed  crops  out  of  the  st(H^p  cliff  in  the  SP'l  sec.  22,  T.  2  N., 
R.  1  W.,  H.  This  bed  is  part  of  the  Scotia  Bluffs  sandstone  and  is  the  most 
compact  of  all  the  lignites  described. 

Limestone 

Tlickter  Deposit.  Averill  (1941)  located  the  Rickter  deposit  in  the 
SE^SE^  sec.  1] ,  T.  1  N.,  R.  1  W.,  H.,  but  on  a  more  recent  map  its  location 
api^^ars  to  be  in  NE jSEj  sec.  11.  He  noted  a  quarry  75  feet  long  with  a 
maximum  depth  of  25  feet  reached  in  quiirrying.  He  stated  that  the 
deposit  might  have  a  total  length  of  1.000  feet  but  that  stripiiing  of  the 
overburden  would  be  required  to  prove  this.  The  t  atei-ial  has  been 
quarried  for  agricultural  use.  When  the  writer  visited  the  deposit  in 
1950,  only  a  few  small  outcrops  of  the  limestone  could  be  seen.  Much 
of  the  area  was  covered  with  a  dense  growth  of  poison  oak.  Prom  the 
limited  exposures  the  writer  concluded  that  the  bed  was  possibly  10  feet 
thick  with  a  moderate  south  dip  and  a  general  east  strike.  The  limestone 
is  impure,  silty,  hard,  and  weathers  Avith  a  yellow-tan  color.  The  lime- 
stone bed  is  a  member  of  the  Pulleu  formation.  There  is  a  road  to  the 
deposit,  and  it  is  probable  that  a  limited  (pinntity  of  limestone  might  bo 
ohtaincd  for  agricultural  use. 

Ilackfit  Deposit.  The  Ilaekett  deposit  is  located  in  sec.  Ki.  T.  1  X..  R 
1  W.,  H.,  on  the  west  fork  of  Howe  Creek,  about  4  miles  sontiiwest  of 
Rio  Dell,  about  a  quarter  of  a  mile  from  a  passable  logging  road.  It 
crops  out  strongly  along  the  banks  of  Howe  Creek  and  forms  a  contin-'ous 
bed  that  can  be  traced  for  jjei-hajis  half  a  mile  to  the  northwest.  The  bed 
is  apjn-oximately  75  feet  thick,  sti'ikes  N.  60''  W.  and  dips  45°  N.  Ci-eat 
qnantities  of  limestone  float  may  be  found  along  the  creek  for  some 
distance  downstream.  The  limestoue  ranges  from  ])urplish  red  to  gray  or 
Dnrc  whili'.  AVhcn  ctclicd  with  I'onnii-  arid,  the  Avhite  and  L;i'a\'  limesttuirs 


1953]  ECONOMIC  GEOLOGY  83 

were  found  to  be  nearly  pure  calcite,  whereas  the  red  limestone  showed 
as  much  as  40  percent  ferruginous  material.  The  limestone  is  hard,  is 
usually  aphanitic,  but  has  many  small  veinlets  of  crystalline  calcite.  It 
is  a  part  of  the  False  Cape  shear  zone  rocks,  but  an  essentially  unsheared 
pj.rt.  The  size  of  this  body,  its  relative  purity  and  its  availability  indicate 
that  it  is  one  of  the  more  important  limestone  deposits  in  Humboldt 
County.  It  should  prove  usable  in  agriculture,  but  the  high  percentage 
of  iron  oxide  would  probably  be  detrimental  for  cement  manufacture 
01-  construction  purposes. 

McClellan  Deposit.  Averill  (1941)  located  this  deposit  on  the  Mc- 
Clellan  ranch  in  sec.  5,  T.  1  N.,  R.  1  W.,  H.  He  states :  "It  is  a  deposit  of 
calcareous  tufa  covering  an  area  of  an  acre  to  a  depth  of  three  feet."  Mr. 
]\IcClellan  has  used  some  of  this  limestone  on  his  land  and  states  that 
an  analysis  showed  it  contained  over  9.9  percent  calcium  carbonate.  The 
"tufa"  deposit  may  be  genetically  related  to  the  Russ  fault  which  cuts 
tlie  Hackett  limestone,  and  may  have  been  formed  by  solutions  moving 
along  the  fault. 

Volcanic  Ash 

Laizure  (1925)  mentioned  a  bed  of  fine,  creamy  white  volcanic  ash, 
2  feet  in  thickness,  on  the  property  of  the  Hanify  Lumber  Company. 
The  area  in  1925  was  under  lease  to  Clarence  Weatherby.  and  was  located 
4  miles  south  of  Elk  River.  The  ash  was  reported  to  be  iuterbedded  with 
cJav  and  lignite  and  would  thus  closely  resemble  the  ash  bed  in  tlie  SEi 
see'.  19,  T.  3  N.,  R.  1  W.,  H.  The  composition  of  the  ash  given  by  W.  R. 

Gallagher,  chemist,  of  Eureka,  is  as  follows : 

Percent 

Si02 70.0 

AI2O3 l!^-^ 

FeoOs    0.6 

CaO     3.4 

MgO   0.5 

K.0 2.4 

Uiuletermined    1-2 

100.0 
There  are  several  ash  beds  in  the  "Wildcat  group ;  none  can  be  traced 
for  any  distance,  owing  to  the  lack  of  exposures  and  the  general  lenticular 
nature  of  the  waterlaid  deposits.  Many  of  these  ash  beds  are  very  pure 
and  are  evenly  sized.  Only  the  thicker,  purer  ash  deposits  are  listed 
here : 

(1)  Ash  (SEimyi  sec.  25.  T.  2  X..  R.  3  AY.,  H.)  on  th-  Ilorb  Russ 
l)roperty  occurs  in  the  basal  Eel  River  formation.  Locally,  it  is  6  feet  in 
thickness  but  becomes  impure  and  silty  along  the  strike  and  only  about 
2  feet  is  pure.  The  same  bed  is  exposed  on  the  coast  in  the  NE]  sec.  26, 
T.  2  N.,  R.  3  W.,  H.  The  ash  is  composed  of  more  than  99  percent  glass 
shards  having  a  refractive  index  of  1.505,  indicating  an  approximate 
silica  content  of  70  percent. 

(2)  Ash  (SW  corner  sec.  11,  T.  2  K.,  R.  2  W.,  H.)  along  Wildcat  Ridge 
road.  Six  feet  of  light  gray  to  off-white,  impure  ash,  coarser  than  that 
mentioned  above,  has  a  similar  silica  content.  The  bed  could  not  be 
mapped  bevond  this  exposure  and  the  extent  and  quantity  are  unknown. 
The  dip  is  18°  N. 
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(3)  Ash  (near  center  sec.  29,  T.  4  X.,  R.  2  W.,  H.)  along  U.  S.  High- 
way 101.  This  bed  has  been  described  with  tlie  Carlotta  formation.  It  is 
approximately  1  foot  in  thickness  and  there  is  little  overburden;  the 
dip  is  about  5°  N.  The  refractive  index  of  the  glass  indicates  a  silica 
content  of  about  69  percent ;  99  percent  of  the  ash  is  glass  shards ;  80 
percent  of  tlie  material  falls  within  the  siltsize  fraction. 

The  ash  beds  mav  be  of  use  as  pozzolans  in  local  concrete  construction 
(Meilenz  et  al.,  1949). 

Clay 

W.  p.  Dietrich  (1928)  has  listed  several  clays  in  Humboldt  County, 
and  described  their  firing  properties  and  characteristics  as  determined 
by  the  methods  of  that  time.  None  of  these  clays  described  are  from  the 
area  under  discussion,  but  are  from  the  same  formations  and  are  similar. 
Most  of  the  clay  samples  he  described  are  from  the  Hookton  formation. 

Laizure  (1925)  has  given  the  most  complete  data  on  one  of  the  clay 
deposits.  He  stated  that  the  Loofbourrow  clay  is  on  the  property  of  Dr. 
T.  L.  Loofbourrow,  4  miles  south  of  Eureka,  a  quarter  of  a  mile  east  of 
the  highway.  The  clay  is  a  dark  blue,  smooth  plastic  clay  said  to  average 
22  feet  in  thickness  over  10  acres.  It  is  overlain  by  4  to  6  feet  of  yellow 
clay.  The  composition  of  the  clay  as  determined  by  Harry  A.  Duffy, 
chemist  of  Eureka,  is : 

Los.s  on  ignition 22.30%  of  total  sample 

Percent 

Si02    42.80 

AI2O3 38.24 

Fe^Os 2.60 

NaaO 2.40 

K2O -._     4.41 

CaO    3.34 

MgO    3.01 

Organic  content   3.20 

100.00 

The  locality  and  description  indicate  that  this  material  is  part  of  the 
Hookton  formation.  Dietrich  (1928)  noted  that  this  clay  vitrifies  com- 
pletely at  cone  1  (1125°C-1160°C)  and  that  the  fired  structure  is  sound. 
It  would  be  suitable  for  brick  making. 

Averill  (1941)  mentioned  the  clays  which  crop  out  along  the  road 
between  Beatrice  and  Loleta  "in  or  near"  sec.  5,  T.  3  N.,  R.  1  W.,  H., 
which  have  been  used  by  R.  H.  Jenkins  of  Humboldt  State  College  for 
pottery  making. 

Most  of  the  clays  of  the  Hookton  formation  are  plastic  to  some  extent 
and  many  are  rather  pure.  It  is  probable  that  numerous  beds  would  be 
suitable  for  brick  making  since  they  are  generally  low  dipping  and 
usually  have  interbedded  sand. 

Probably  one  of  the  most  important  uses  for  the  abundant  mudstones 
of  the  Wildcat  group  is  the  production  of  lightweight  aggregate  by 
expanding  the  mudstone.  Due  to  certain  "impurities"  in  some  clay  or 
shale,  such  clay  will  "bloat"  upon  heating;  that  is,  the  clay  will  actually 
become  a  fused,  vesicular  mass  several  times  the  size  of  the  original  mass 
(Conley  et  al.,  1})48).  Not  all  clays  and  shales  are  expansible  and  the 
materials  responsible  for  (>xpansion  are  not  completely  known.  The  mate- 
rial i)ro(iuced  is  used  for  lightweight  aggregate  in  building  blocks  and 
other  concrete  work.  Evidence  that  the  mudstone  beds  of  the  Wildcat  are 
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expansible  has  been  found  by  the  writer  in  several  natural  occurrences  of 
mudstones  expanded  by  forest  fires. 

Sand  and  Gravel 

The  broad  expanses  of  stream  gravels  along  the  Eel  River  and  Van 
Duzen  River  are  an  almost  unlimited  source  of  sand  and  gravel  for 
road  building  and  construction  work.  Most  of  the  material  is  not  proc- 
essed in  any  plant  and  only  crudely  si^ed  by  mounting  large  wire  grates 
on  the  dump  trucks  which  haul  the  gravel.  Because  of  its  ready  access, 
one  principal  loading  area  is  located  at  the  mouth  of  the  Van  Duzen 
River.  A  study  of  the  pebbles  indicated  that  few  if  any  reactive  materials 
are  present  which  would  be  detrimental  for  concrete  work.  Franciscan 
chert  pebbles  are  common  but  it  has  been  shown  (Mielenz,  White,  and 
Glantz,  1949)  that  this  chert  is  chalcedonic  and  not  reactive. 

One  gravel  company,  has  equipment  for  sizing,  cleaning,  and  loading. 
The  plant  is  located  in  sec.  34,  T.  3  N.,  R.  1  W.,  H.,  along  the  North- 
western Pacific  Railroad.  They  utilize  the  Recent  gravels  of  the  Eel 
River. 

Some  of  the  Hookton  gravel  has  been  used  for  roads  and  fill.  Several 
quarries  have  been  used  in  the  Table  Bluff  area ;  one  rather  large  one 
was  at  Southport  Landing.  The  gravel  is  rusty  to  j^ellow-brown  in  color 
because  of  a  coating  of  iron  oxide  on  the  pebbles. 

The  logging  companies  use  whatever  road-surfacing  materials  are 
available  close  to  their  operations.  For  this  reason  numerous  temporary 
gravel  pits  may  be  found  on  any  of  the  streams  near  logging  operations. 
In  areas  where  all-year  logging  is  planned,  at  least  2  feet  of  gravel  or 
crushed  rock  is  laid  as  a  base  for  logging  roads. 

In  Bulletin  142,  California  Division  of  Mines  (1949)  the  quantity  of 
sand  and  gravel  actually  marketed  in  Humboldt  County  in  1947  is  given 
as  261,063  short  tons,  which  had  a  value  of  $221,278. 

Crushed  Rock 

In  areas  distant  from  stream  gravels  Franciscan  basalt,  chert,  sand- 
stone, and  Yager  sandstone  are  sometimes  use  for  road-surfacing  mate- 
rial. Of  these,  the  basalt  is  undoubtedly  the  best  material  because  it 
usually  breaks  readily  into  small,  angular  fragments  which  are  resistant 
to  further  granulation.  In  former  years,  when  logging  railroads  were 
used  for  transportation,  deep  beds  were  laid  over  many  backwood  areas. 
These  beds  are  now  overgrown  and  it  is  usiial  to  find  a  considerable 
range  of  varied  rock  types  scattered  over  the  terrane  as  fl,oat  from  these 
old  road  beds. 

Water  Resources 

Spri7}fjs.  In  the  mountainous  areas  springs  are  numerous  but  gen- 
erally small.  Many  of  them  are  intermittent.  Most  inhabitants  of  the 
upland  areas  obtain  their  Avater  from  springs  and  in  most  cases  the 
location  of  suitable  springs  governs  the  site  of  ranch  headquarters. 
"Water  from  the  Wildcat  and  younger  formations  is  generally  moder- 
ately hard  and  contains  soluble  salts.  Iron  oxides  which  are  sometimes 
present  are  detrimental  for  household  water.  Water  from  the  Fran- 
ciscan and  Yager  is  normally  purer  and  more  palatable. 

Streams.  The  streams  of  Humboldt  County  are  one  of  the  great 
potentials  of  the  area  for  power,  irrigation,  and  the  development  of 
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industry.  At  the  present  time  no  dams  control  the  floodinj^'  of  the  low- 
lands, nor  are  there  any  reservoirs  in  the  immediate  area.  Eureka  has 
dammed  Mad  River  to  the  northeast  and  ohtained  a  suitable  water 
supply,  besides  helping-  to  control  the  river. 

Paulsen  (1950)  gives  the  total  runoff  of  the  Eel  River  at  Scotia  for  the 
year  1947-48  as  4,608,000  acre-feet;  the  Van  Duzen  River  at  Bridgeville 
runoff  for  the  year  1947-48  was  532,100  acre-feet. 

If  future  dams  are  built,  it  would  be  best  to  build  them  on  Yager  or 
Franciscan  foundations.  Much  of  the  Wildcat  sediment  is  incompetent 
or  highl}^  permeable. 

Ground  Water.  Because  of  the  lack  of  any  central  water  system 
most  of  the  farms  in  the  valley  and  several  of  the  towns  obtain  their 
water  from  wells.  The  valley  plain  of  the  Eel  River  is  underlain  by 
considerable  thicknesses  of  Recent  gravel  and  clay  which  in  turn  are 
underlain  by  the  Hookton  formation  and  the  Carlotta  and  Scotia  Bluff's 
sandstone.  The  essentially  synclinal  valley  forms  an  artesian  basin, 
especially  for  the  older  sediments.  The  younger  sediments  are  extremely 
lenticular  in  distribution  and  the  lack  of  continuity  of  permeable  bed.s 
restricts  the  building  up  of  artesian  pressures.  Near  the  ocean  the  upper 
80  feet  is  contaminated  by  salt  water  while  the  lower  beds  contain  fresh 
water.  In  the  Loleta  area  some  of  the  w^ater  which  has  been  encountered 
in  wells  of  the  Golden  State  Company  is  decidedly  saline.  Part  of  this 
may  be  connate  water. 

In  some  parts  of  the  region  where  only  a  rather  thin  terrace  deposit 
covers  the  mudstone  of  the  AVildcat,  water  must  be  obtained  at  shallow 
depths  or  not  at  all.  In  the  low  hills  formed  by  Tlookton  sediments  or 
underlain  by  Carlotta  conglomerate,  water  can  usually  be  obtained  from 
one  of  these  two  units.  Sometimes  this  water  is  unfit  for  use  because  of 
the  high  iron-oxide  and  manganese-oxide  content. 

In  view  of  the  occasional  presence  of  saline  waters  in  certain  strata, 
it  is  extremely  important  to  properly  case  wells  drilled  through  such 
strata.  If  care  is  not  taken,  valuable  aquifers  of  the  area  ^^n\].  become 
dangerously  contaminated. 

Mineral  Water.  Felts  Springs  (sec.  31,  T.  3  N.,  R.  1  E.,  II.)  was  a 
thriving  resort  in  the  1870 's  but  burned  completel,y  in  1878,  was  rebuilt 
and  burned  again  in  1894.  Waring  (1915,  p.  300)  noted  the  presence  of 
three  springs — two  saline  and  one  sulphuretted.  One  well  six  feet  in 
diameter  and  24  feet  deep  was  saline,  and  emitted  non-inflammable  gas. 
One  spring  that  emitted  IT^S,  and  a  well  giving  off  a  gas  assumed  to 
be  CO2  were  found  during  the  present  mapping.  The  springs  are  in  an 
open  grassy  meadow  surrounded  by  tall  second-growth  redwood  trees. 
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TYPE  SECTION  OF  THE  WILDCAT  GROUP 

EEL  RIVER  SECTION 

(Nfeasurement  begun  at  exposure  of  lowest  observable  Tertiary 
sediments  on  west  bank  of  Eel  River,  by  Scotia.   Contact  be- 
tween the  Tertiary  basal  sandstone  and  Yager  sandstone  and 
shale  obscured  by  alluvium  and  landslide;  lowest  Tertiary  ex- 
posure described  is  probably  within  10  feet  of  base,  as  Yager 
folded  sandstone  and  shale,  and  overlying  basal  Tertiary  sand- 
stone are  exposed  at  low  water  on  east  bank  ^00  feet  across 
river. ) 

WILDCAT  GROUP 

Pullen  formation 

(feasured  along  west  bank  of  Eel  River  near  Scotia) 

Basal  sandstone  member 

37  Fine-grained,  silty,  compact,  moderately  hard, 

gray  sandstone;  weathers  rusty  yellow-brown    h 

36  Irregular  zone  of  pebbly  sandstone  similar  to 
above  with  psephitic  debris  including  the  fol- 
lowing: angular  cobbles  and  small  boulders  to 
8"  of  hard,  platy,  micaceous  Yager  sandstone; 
cobbles  of  tough  yellow-weathered  limestone; 
a  few  small,  rounded  black  chert  pebbles,  and 
numerous  sub-angular  flat  pebbles  of  Yager 
shale 2 

35  Compact,  gray,  silty,  feldspathic,  rusty- 
streaked  sandstone  with  a  one-inch  irregular 
streak  of  Yager  shale  pebbles  averaging  1/2 
inch  in  diameter 3 

3U  Fine  silty  sandstone  as  above  with  occasional 
small  poorly  preserved  pelecypods  including 
Spondylus  sp.  and  Anadara  sp.   The  upper  five 
feet  contain  irregular,  limy  concretionary 
bodies  enclosing  pelecypods,  angular  cobbles  of 
Yager  sandstone  and  some  small  Yager  shale  frag- 
ments   25 

33  Fine  silty,  gray  sand  as  above  with  rusty  colored 
streaks  where  weathered.  The  lower  l/2  inch  con- 
tains two  2  inch  streaks  of  Yager  shale  pebbles  - 
and  fine  sandstone  pebbles 30 

32  Massive  sandstone  as  above  with  occasional  poorly- 
preserved  pelecypods.   The  lower  l/2  inch  contains 
numerous,  nodular,  limy  concretions  and  abundant 
small  worm  tubes  to  h   inch  in  length.   This  zone 
has  a  bluish  gray  color  in  contrast  to  the  usual 
rusty,  streaked  sandstone 10 

31  Fine-grained,  tough,  massive  silty  sandstone  as 
above  with  a  1  inch  zone  of  Yager  shale  pebbles. 
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sandstone  pebbles,  and  a  few  rounded,  black  chert 
pebbles.   Immediately  above  this  pebble  zone  the 
sandstone  is  hard  and  lime-cemented 26 

30  Sandstone  (as  above)  with  irregular  lenses  of 
lime-cemented  sandstone  containing  angular  to 
sub-angular  Yager  shale  pebbles,  sandstone  cob- 
bles, Franciscan  or  Yager  limestone  cobbles  and 
a  few  rounded,  black  chert  pebbles 2 

29  Very  silty,  fine-grained,  tough,  slightly  glau- 
conitic,  rusty-streaked,  brownish-gray  when 
fresh,  sandstone U2 

28  Silty  sandstone  as  above  with  numerous  worm 

tubes  and  a  few  vertebrate  bone  fragments 3 

27  Silty  sandstone  as  above  but  more  limy  and  glau- 

conitic <. 18 

26  Very  fihe,  silty,  sandstone  (as  above)  contain- 
ing many  pebbly  sandstone  streaks.   The  pebbles 
are  mostly  1/8  inch  to  l/k   inch  diameter,  rounded, 
black  cherts.   At  the  base  is  a  fragment  of 
vertebrate  bone  U  inches  in  diameter  in  a  limy 
concretion 1^ 

25  Fine-grained,  very  silty  sandstone  as  above. 12 

2k     Sandstone  with  several  lenses  to  k   inches  thick 
of  fine  rounded  pebbles  l/h   inch  to  1/8  inch 
diameter  and  numerous  glauconite  pellets  of  simi- 
lar size 3 

(a  few  small  faults,  striking  NW  and  dipping  SW, 
have  duplicated  a  few  feet  (l'  to  3')  of  section 
by  dropping  the  NE  side  relatively  down) 

23  Fine-grained,  slightly  glauconitic,  very 
silty,  rusty-streaked,  brownish-gray  sand- 
stone   0 „  .    32 

22  Hard,  sandy,  yellow-orange  when  weathered, 

gray-brown  when  fresh ,  limestone 1 

21  Sandy,  tough,  brownish-gray  massive  silt- 
stone  with  a  rusty  fracture;  becomes  silty 
toward  top;  two  1  inch  thick  zones  of  limy 
nodules  near  the  top.   (This  is  the  top  of 
the  strong  outcropping  basal  sandstone  member).       15 

Basal  sandstone  member    2^2 

Upper  mudstone  member 
20  Sandy,  massive,  dark  gray  when  fresh, 

weathers  brownish-gray  with  a  rusty  colored 

fracture;  some  yellow  sulfurous  coating 39 

19  Sandy,  yellow -weathering  limestone o o .    2 

18  Dark  gray,  tough  siltstone  which  has  some 

occasional  thin,  platy,  laminations  to  l/U 

inch  in  thickness.   This  weathers  with  a 
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rusty  fracture;  the  thin-bedded  material 
breaks  into  small  brittle  chips  (probably 

diatomaceous  and  siliceous) l8 

17  Impure  yellow  limestone » . . .    1 

l6  Very  silty  fine-grained  sandstone  with  some 

small  glauconite  pellets 5 

15  Very  silty  sandstone  as  above  with  numerous 
elliptical  yellow-orange  weathering  lime- 
stone nodules  to  8  inches  in  diameter 2 

ih     Somewhat  platy,  laminated,  brittle,  dark 
gray,  silty  shale  which  becomes  brownish- 
gray  when  weathered.   When  very  fresh  the 
laminations  are  seen  to  be  l/l6  inch  thick 
concretions  of  white  diatomaceous  material 
alternating  with  thicker  layers  of  clastic 
material 5 

13  Dark  gray,  tough,  sandy  siltstone;  the 

lower  5  inches  is  diatomaceous  and  ashy(?), 

and  the  upper  1  inch  has  numerous  limy 

nodules  to  8  inches  in  diameter I9 

12  Massive  dark  gray,  hard,  brittle  mudstone 
which  is  somewhat  diatomaceous.   The  upper 
6  inches  has  glauconite  pellets  to  medium 
sand  size I3 

11  Laminated  diatomaceous  shale 2 

10  Glauconitic  silty  mudstone 8 

9  Massive,  tough,  gray-black  when  fresh, 
rusty  fractured  when  weathered,  mudstone 

with  limy  lenses  in  the  upper  1  inch 26 

8  Tough,  brownish-gray,  massive  siltstone 
with  a  6-inch  yellow-weathering  limestone 
bed  16  feet  from  the  base  and  limy  lenses 

to  1  foot  in  thickness  in  the  upper  1  foot 26 

7  Massive,  tough,  dark  brownish-gray  mudstone 
which  is  somewhat  diatomaceous.   Small 
f oraminifera  are  common  (ERS  Foram  1  at  ^5 '  from 
base).   This  mudstone  (where  freshly 
weathered)  has  a  light  blue -gray  "bloom"; 
where  deeply-weathered  it  becomes  stained  rusty- 
brown  and  breaks  up  into  Small  hard  angular 
fragments.   Near  the  base  are  large,  "biscuit"- 
shaped  limestone  lenses  to  3  feet  thick  and  in 
the  upper  part  yellow-orange  weathering  lime- 
stone nodules  and  lenses  are  common I.    2^0 

6  Dark-gray,  impure  limestone  bed  which 

weathers  yellow-orange;  appears  fairly  con- 
tinuous      2 

5  Tough,  dark  gray  mudstone  which  weathers 
rusty-brown.  Forams  are  common,  and  occa- 
sional molluscs  are  present 

A  few  limestone  nodules  are  present 57 

h     Massive  mudstone  except  for  a  k   inch  fine- 
grained silty  sandstone  at  the  base,  2  feet 
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from  the  base,  and  26  feet  from  the  base 30 

3  Massive  dark  gray  mudstone  vhich  Is  often 
very  silty.   Weathers  rusty  brown;  sometimes 
nodular -weathering.   There  are  occasional 
small  yellow  limestone  nodules  in  the  lower 
part  and  more  n^umerous,  larger,  spherical  to 
lenticular  limestone  masses  in  the  upper  part. 
There  is  one  continuous  limestone  bed  8  inches 
thick,  255  feet  from  the  base.  Forams  are  oc- 
casionally present „ 358 

2  Silty,  light  gray  limestone  which  weathers 
yellow-orange.  It  is  locally  brecciated 
into  1/2  inch  fragments  and  recemented  with 

calcite 2 

1   Massive  dark  gray  siltstone  (top  Pullen) 10 

Upper  mudstone  member 865 

Pullen  formation,  total 1107 

Eel  River  formation 

(The  type  section  of  the  Eel  River  formation;  measured  on  the 

wc^t  bank  of  Eel  River  near  Scotia) 

22  Dark  gray  siltstone  with  lenses  of  silty, 
coarse-grained,  feldspathic  sandstone  with 
polished,  rounded  black  chert  pebbles  1/8 
inch   in  diameter,  and  numerous  large  glau- 

conite  pellets  to  \/h   inch   in  diameter 1 

21  Massive ,  dark  gray  siltstone 15 

20  Massive  sandy,  somewhat  glauconitic,  siltstone 
makes  up  the  "matrix"  of  this  member.   Set  in 
this  are  numerous  irregular  streaky,  lenticular 
masses  of  pebbly,  limy  sandstone,  pebbly  lime- 
stone, and  large  angular  to  sub-rounded  masses 
of  yellow-orange  limestone. 

The  pebbly  limestone  and  sandstone  have  pebbles 
of  hard,  rounded  black  cherts,  white  quartz - 
ites,  red  cherts,  and  other  resistant  rock 
types  which  are  polished  and  average  l/h   inches 
to  1/8  inches  but  with  a  few  to  1  inch  diameter; 
and  occasional  cobble-size,  angular  to  sub- 
rounded,  yellow-orange  limestone  fragments. 
Some  of  these  limestone  fragments  are  rather 
platy  and  resemble  those  older  limestones  oc- 
casionally seen  in  the  False  Cape  Shear  Zone 
rocks.   Some  of  the  large  limestone  masses 
show  rounding  due  to  erosion,  and  one  large  mass 
has  numerous  borings  on  its  surface.   A  green 
coating  which  appears  to  be  glauconite  lines 
some  of  the  cavities  on  this  mass.   (Many  of 
the  large  blocks  have  tumbled  out  of  place 
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along  the  river  bank.   The  number  of  lenticu- 
lar masses  varies  greatly  within  a  few  feet 
along  strike . ) 20 

19  Massive  sandy,  slightly  glauconitic,  dark 

gray  siltstone 17 

18  Muddy,  green,  tough  glauconitic  sandstone  in  which 
the  glauconite  pellets  appear  to  make  up  at  least 
50  percent  of  the  rock.   The  glauconite  is  dark 
greenish-black  when  fresh,  becomes  apple-green  when 
slightly  weathered,  and  rusty-brown  when  deeply 
weathered.   An  occasional  small  pebble  is  present 
in  the  lower  few  feet.   The  lower  5  feet  contain 
many  large  boring,  or  coprolite  casts,  which 
average  1/2  inch  to  1  inch  in  diameter  and  are 
6  inches  long.   These  weather  out  as  rusty-brown 
resistant  masses  on  the  surface  of  the  sandstone. 
The  upper  part  of  this  member  becomes  silty l4 

17  Massive,  dark  gray  siltstone  which  weathers  with" 
numerous  cross -fractures ,  or  shows  nodular  or 
onion-skin  (spheroidal)  weathering.   Tlie  weather- 
ed fragments  are  not  as  hard  and  resistant  as 
the  pelitic  sediments  of  the  Pullen.   A  rusty 
stain  on  the  fragments  is  common  where  the  silt- 
stone is  occasionally  slightly  glauconitic. 
Forams  are  present  but  rare.   There  is  a  sandy, 
gray  ^4— inch  limestone  bed  111  feet  from  the 
base;  occasional  cream-colored  limestone  nodules 
are  present  in  the  upper  70  feet;  and  an  8-inch 
cream-colored  limestone  bed  occurs  I70  feet 
above  the  base l82 

16  Very  silty,  fine-grained,  brownish-gray,  slightly 
glauconitic,  poorly-sorted  sandstone  with  occa- 
sional 1/8  inch  polished  pebbles.   This  bed  stands 
out  as  a  more  resistant  bed  than  the  siltstone 
above  and  below c I8 

15  Dark  gray  siltstone  grades  up  from  sandstone  of  7 
massive,  weathers  brownish -gray;  shows  onion-skin 
weathering,  and  has  rusty  stains  on  fracture  sur- 
faces   135 

1^  Silty,  gray-brown  glauconitic,  fine-grained  sand- 
stone with  glauconite  pellets  to  medium  sand- 
size  making  up  30  to  50  percent  of  the  sediment. 
There  are  a  few  orange,  limy  concretions  and  some 
large  borings  similar  to  those  in  18) 10 

13  Massive  sandy  gray  siltstone,  rusty-fractured, 
with  'onion-skin  weathering;  occasional  cream- 
colored  spherical  to  lenticular  nodules  of  lime- 
stone are  common  in  the  upper  part 107 

12  Silty,  massive,  dark  gray  mudstone  which  weathers 

with  a  rusty  fracture 30 

11  Very  fine-grained  brown  sandstone  which  contains 
abundant  glauconite.   The  glauconite  is  dark 
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green  when  fresh  and  generally  of  fine  sand 
size;  it  makes  up  ^0  percent  of  the  rock 
in  the  lower  part  and  perhaps  20  percent  in 

the  upper  part 10 

10  Very  fine,  slightly  glauconitic  sandstone 

becoming  more  silty  upward l8 

9  Massive,  gray-brown,  moderately  soft,  silt- 
stone  which  weathers  with  a  rusty  stain  along 
onion-skin  Joints.   Occasional  forams  present..   9^ 

8  Yellow-orange  limestone  bed 1 

7  Siltstone  as  above 10 

6  Dark  gray-black  mudstone  with  occasional 
glauconitic  pellets  to  fine  sand  size  and  a 

few  forams 5 

5   Gray-brown  soft  siltstone o l6 

k-     Tough,  dark  gray  to  black  mudstone  which 
weathers  to  a  light  gray  or  buff.  Nodular- 
weathering  is  common  but  rusty  staining  is 
absent.   There  are  a  few  flauconite  pellets 
of  fine  sand  size  and  a  few  forams;  the  glau- 
conite  becomes  less  common  in  the  upper  part 

of  the  member 223 

3  Mudstone  as  above  which  contains  numerous 
fragments  of  carbonized  wood.   The  fragments 
are  1  to  6  inches  long  by  1  or  2  inches  wide 
and  some  contain  Teredo  borings;  a  yellow 
sulfurous  coating  is  present  around  some  wood 

fragments 1 

2  Mudstone  as  above  with  occasional  wood  frag- 
ments   c 10 

1  Tough,  gray-black  mudstone  with  the  lower  k 
inches  composed  of  a  black,  carbonaceous  mud- 
stone (nearly  a  lignite);  forams  are  present 
but  rare  (ERS  Foram  2).  (This  is  picked  as  the 
top  although  a  change  in  facies  occurs  as  low 

as  3) 3 

Eel  River  formation,  total   9^0 

Rio  Dell  formation 

(This  section  is  given  as  the  type  section  of  this  formation. 
Members  1-33  were  measured  on  the  east  bank  of  Eel  River  north 
of  Scotia;  members  3^-^5  were  measured  along  -the  west  bank  of 
Eel  River  west  of  Scotia.) 

45  Fine-grained,  friable,  well-sorted,  feldspathic 
sandstone  with  abundant  dark  green  glauconite  in 
the  lower  inch  (20  percent  glauconite).  Thin 
layers  of  glauconitic  concentrations  are  pres- 
ent throughout  this  sand.   This  sand  is  deposi- 
ted on  a  slightly  irregular  cut  surface  of  carbon- 
aceous dark  mudstone  (Eel  River  formation) 0.4 

44  Massive,  dark  gray,  tough  mudstone  which  weathers 
buff -gray  and  shows  nodular  weathering.  Few 
forams  are  present;  at  h   and  8  feet  above  the 
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base  are  1-inch  lignitic  mudstone  beds „ 124.6 

43  A  series  of  alternating,  thin  sandstones  and 

mudstones  in  which  mudstones  predominate.   There 
is  a  1-foot  sandstone  at  the  base  and  a  total  of 
32  sands  in  this  unit;  the  sandstones  range  from 
3  inches  to  2-l/2  feet  in  thickness  with  the 
average  about  6  inches.   These  alternate  with 
mudstones  which  range  from  k   inches  to  11  feet 
in  thickness;  the  average  in  most  of  the  series 
is  about  I-I/2  feet,  but  in  the  upper  30  feet 
mudstones  become  thicker  with  several  from  k   to 
11  feet  in  thickness.   The  sandstones  are  fine- 
grained, friable,  feldspathic  and  gray  when 
fresh  but  weather  to  buff.   Many  of  the  sands 
in  the  lower  part  contain  abundant  biotite,  often 
in  dark  laminations.   The  mudstones  are  dark  gray 
and  massive;  forams  are  common  (ERS  Foram  3  col- 
lected k   feet  from  the  base).   The  sandstones 
and  mudstones  do  not  grade  through  silt stones 
but  show  a  sharp  demarcation .   Several 
small  faults  striking  NW  show  offsets  of  1  to  5 
feet o , 00 o   93 

U2  Massive  dark  gray  mudstone  with  a  1-foot  sandstone 
2k   feet  from  the  base  and  a  6-inch  sandstone  33 
feet  from  the  base;  material  similar  to  that  pre- 
viously described 73 

hi     Alternating  series  of  thin  sandstones  and  massive 
mudstone.   A  total  of  9  sands  average  h   inches 
in  thickness;  the  mudstones  average  more  than 
h   feet,  and  one  is  22  feet  thick  near  the  base....    k7 
(Nxomerous  small  faults  in  this  part  of  the  section.) 

40  Massive  dark  gray  massive  mudstone  which  weathers 
light  gray  to  buff.   A  few  thin  lenticular  sands 
near  the  top 97 

39  Alternating  series  of  sandstones  and  mudstones. 
A  total  of  5  sands  average  h   inches  in  thickness; 
one  mudstone  is  5  feet  thick.  7 

38  Massive  mudstone  with  a  i^--inch  sandstone  18  feet 
above  the  base,  and  others  32,  hQ ,    and  IO6  feet 
above  the  base.   There  is  a  U-inch  thick  series  of 
orange  limy  nodules  193  feet  above  the  base.   In 
the  upper  25O  feet  of  this  member  there  are  a  few 
poorly  preserved  molluscs  and  occasional  small 
orange  limy  nodules.   Forams  are  common  to  rare..."  38^ 

37  Massive  mudstone  with  an  8-inch  sandy  limestone 
bed  containing  pelecypod  fragments  at  the  base 
and  a  ^^--inch  limestone  at  the  top 6 

36  Massive,  nodular -weathering,  dark  gray  mudstone 
with  rare  forams  (eRS  Foram  ^4-  collected  l4  feet 
above  base).   There  is  a  6-inch  sand  9^  feet 
above  base,  another  96  feet  above  base,  and  a 
1-foot  sand  3OO  feet  above  the  base.   There  are 
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occasional  limy  nodules,  and  a  series  of  ij--inch 
orange  limy  nodules  113  feet  above  the  base.   In 
the  middle  of  the  section  are  several  large  lime- 
stone masses;  one  is  3  feet  in  diameter 3^0 

35  Alternating  serjes  of  sandstones  and  mudstones. 
There  are  a  total  of  15  sands  ranging  from  h 
inches  in  thickness  in  the  lower  part  to  several 
1  foot  thick  in  the  upper  part.   The  mudstones 
vary  in  thickness  from  6  inches  to  a  few  h   to 
8  feet  in  the  upper  part o 3^ 

34  Hard  yellow-orange  limestone  bed  with  numerous 
Pectens  and  other  pelecypods.   (This  limestone 
bed  is  the  highest  exposure,  stratigraphically, 
on  the  west  bank  of  the  river  and  is  believed  to 
be  equivalent  to  a  sandy  limestone  at  the  base 
of  (33);  the  beds  above  are  here  covered  with 
alluvial  gravels ) 3 

33  Massive  gray  siltstone  with  a  few  thin  fine-grained 
feldspathic  gray  sandstones  and  a  hard,  sandy 
limestone  at  the  base.   A  few  forams  are  present 
(ERS  Foram  5  collected).   Pecten  caurinus  is  com- 
mon  and  a  few  other  molluscs  are  rare.  (Below  the 
limy  sandstone  mentioned  above  are  numerous  thin 
sandstones  believed  to  be  approximately  equiva- 
lent to  (35)  measured  on  the  west  side  of  the 
river ) 1^ 

32  Approximately  all  this  measured  member  is  massive 
mudstone  or  siltstone.   Much  of  it  is  poorly  ex- 
posed due  to  slumping  along  the  railroad  cuts. 
Where  seen  in  place  the  mudstone  or  siltstone  is 
dark  gray  when  fresh,  weathering  to  light  gray  or 
buff-gray.   Forams  are  common  (BAG  60  collected 
at  the  base,  and  BAO  59  collected  at  the  top) 60O 

31  Massive,  very  fine-grained  silty  sandstone;  con- 
tains niomerous  limy  concretionary  areas,  usually 
around  common  pelecypods  .or  gastropods 15 

30  Very  fine-grained  silty  sandstone  with  nixmerous 
streaks  of  pelecypods  and  limy  concretionary  lay- 
ers. Five  feet  from  base  is  a  2-inch  bed  of  Sec- 
urella  staleyi,  and  again  6  feet  from  the  base.  ...   15 

29  Coarse,  sandy,  gray  siltstone  with  occasional 

pelecypods 6 

28  Very  fine-grained  silty  sandstone,  friable 6 

27  Massive,  compact,  tough,  sandy,  gray  siltstone; 

contains  occasional  streaks  of  pelecypods 93 

26  Massive,  gray,  very  silty,  very  fine-grained 
sandstone  which  stands  out  as  a  stronger  bed  ; 
contains  numerous  pelecypods  (Cerastoderma 
meekianum  and  Securella  staleyTJ"!   This  grades 
imperceptibly  into  the  siltstone  of  (25).  (From) 
(31)  to  (25)  most  of  the  sediments  are  on  the 
"borderline"  between  sandstone  and  siltstone, 
and  it  is  difficult  to  differentiate  between 
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them  in  some  cases "3 

25  Sandy,  massive,  gray  siltstone  with  a  1-foot  limy 
bed  50  feet  from  the  base;  a  few  limy  nodules  are 
present.  Numerous  pelecypods  in  the  upper  part 
and  one  echinoid  (Anortnoscutum  interlineata) 93 

2k     This  "member"  is  slumped  siltstone  and  mudstone 

with  an  approximate  stratigraphic  thickness  of  . . .  250 

23  Massive,  dark  gray  mudstone  (in  place) 30 

22  Interbedded  thin,  fine-grained  gray  sandstones, 
and  dark  dray  mudstone s;  beds  average  8  inches  in 
thickness , k 

21  Silty  fine-grained,  sandstone  with  several  thin 
layers  of  fine  carbonaceous  fragments  and  a  few 
pelecypods 7 

20  Massive  mudstone,  partly  slumped,  approx I80 

19  Fine-grained,  gray,  massive  sandstone .".   10 

18  Rhythmically  alternating  fine-grained  sandstones 

and  slltstones  averaging  h   inches  each i^O 

17  Massive  sandstone h 

16  Alternating  sandstone  and  mudstone 32 

15  Alternating  thin,  very  silty,  very  fine-grained 
sandstones  and  silty  mudstones  averaging  k   inches 
each.  (This  type  of  alternation  only  shows  up 
well  on  a  cutbank  which  has  been  exposed  for  a 
considerable  time.   Under  certain  light  it  is 
rather  difficult  to  make  out.   The  writer  has 
used  the  term  "phantom  banding"  for  this  rhythmic 
size  variation. ) 100 

1^  Silty,  fine-grained,  gray  sandstone  with  occa- 
sional 6-inch  beds  of  sandy  siltstone.   In  the 
upper  20  feet  are  numerous  limy  lenses  and  abiin- 
dant  streaks  of  pelecypods.   77  feet  from  the  ' 
base  is  a  6-inch  bed  of  pelecypods  (predominantly 
S .  staleyi  and  C .  meekianum) „ 87 

13  Slumped  "phantom  banded"  silty  sandstone  and  mud- 
stone ,  approx 80 

12  "Phantom  banded"  sandstones  and  mudstones;  num- 
erous pelecypods o . . . .  120 

11  Silty,  very  fine-grained,  gray,  feldspathic,  com- 
pact, sandstone  which  is  principally  massive  but 
has  occasional  indications  of  bedding  due  to 
gradations  in  the  amount  of  silt  in  the  composi- 
tion. Limy  nodules  are  common,  and  pelecypod 
streaks  are  numerous  (S.  staleyi  and  C.  meekianum) 
and  110  feet  from  the  base  is  a  4-inch  bed  made 
up  of  thousands  of  the  tiny  pelecypod,  Psephidia 
lordi  (lowest  seen) o 200 

10  Bluish-gray,  sandy  siltstone  with  abundant  large 

P.  caurinus  up  to  8  inches  in  height «...   56 

9  Silty,  gray  sandstone 10 

8  Slumped  area  of  gray  siltstone  containing  abundant 

P.  caurinus  120 
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7  Silty,  gray,  fine-grained  sandstone  with  abundant 

pelecypods  ,  especially  P.  caurinus '. 120 

(check  point:  north  bank  Nanning  Creek;  Yoder  Station) 

6   "Phanton  banded"  sandy,  gray  siltstone,  and  dark 

gray  mudstone  with  abundant  molluscs l80 

5  Silty,  very  fine-grained,  gray  sandstone  with 
abundant  pelecypods  usually  concentrated  in  limy 
lenses  and  beds  (S.  staleyi,  C.  meekianum,  and  P. 
caurinus,  principally) .   57  feet  from  the  base  is 
6-inch  hard,  limy,  pelecypod  bed  overlain  by  a 
6-inch  mudstone.   This  member  becomes  silty  toward 
the  top  and  contains  several  fragments  of  carbon- 
ized wood  6  inches  long  and  some  sandstones  band- 
ed with  carbonaceous  fragments 1^0 

h     Tough,  Bandy,  dark  gray  siltstone  with  a  few 
carbonized  wood  fragments  and  occasional 
pelecypods 120 

3  "Phantom  banded"  siltstone  and  mudstone  with 
occasional  pelecypods  and  many  rusty,  limon- 
itic  streaks o 90 

2  Sandy,  gray  siltstone  with  occasional  thin 

mudstone  members 85 

1  Silty,  very  fine-grained,  gray  sandstone  with 

a  few  3 -inch  mudstone  beds o 60 

Rio  Dell  formation,  total ^259 

Scotia  Bluffs  sandstone 

(The  section  whose  description  follows  is  the  type  section  of 
this  unit.   It  was  measured  along  the  Scotia  Bluffs  on  the 
east  side  of  Eel  River)., 

22  Massive,  fine-grained,  buff -tan  weathering, 
friable  sandstone.   When  fresh  the  sandstone 
is  gray,  but  due  to  the  permeable  nature  of 
this,  and  other  typical  sandstones  of  this 
unit,  most  outcrops  have  been  weathered  due 
to  oxidation  and  permeating  solutions.   It 
is  noticeably  cleaner  and  less  silty  than 
sands  of  the  Rio  Dell.   Although  friable,  it 
makes  strong  outcrops  and  cliffs.   Occasional 
limy  mollusc -bearing  lenses  are  present 55 

21  Fine  sand,  as  in  22,  with  numerous  2-inch  silty 

members  ^ 

20  Very  fine-grained,  silty,  gray  sandstone; 
bedding  stands  out  due  to  occasional  thin 
silty  members.   62  feet  from  the  base  is 
a  limy  bed  composed  of  Psephidia  lordi;  a 
similar  one  is  present  at  63  feet 65 

19  Very  fine-grained  sandstone  with  several  1-inch 
mudstone  beds  near  the  base  and  niomerous  limy 
concentrations  of  pelecypods  (especially  P. 
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lordi.   These  lenses  occur  approximately 

every  h   to  10  feet  and  give  a  bedded  appearance. 

At  110  feet  above  the  base  is  strong  outcropping, 

limy  bed  of  C.  meekianum  with  pebbles.  There  are 

a  few  1/2  inch  mudstone  streaks  in  the  upper  10 

feet li^^O 

18  Massive,  fine-grained,  buff -brown  weathering, 
friable,  relatively  clean  sandstone.  This  is 
the  base  of  the  strong  outcropping,  thick,  mas- 
sive, cliff -making  sandstone  of  Scotia  Bluffs. 
It  often  has  a  moss -like  crust,  brown  in  sum- 
mer, which  gives  it  a  brown  color  when  viewed 
from  the  distance.  This  is  characteristic  of 
this  porous  sandstone  and  is  undoubtedly  due 
to  its  water-bearing  capacity  as  opposed  to 
the  silty  sands  below.  There  are  occasional 
limy  pelecypod  lenses.  100  feet  from  the  base 
is  a  5 -foot  silty  sandstone,  and  120  feet  from 
the  base  is  a  6 -inch  lens  of  C.  meekianum  and 
P.  lordi.   135  feet  above  base  is  a  strong 
outcropping  lens  of  C.  meekianum 165 

17  Massive  fine-grained  sandstone;  pelecypods 
are  rare,  limy  lenses  are  few,  and  the  sand- 
stone has  a  massive  appearance 50 

16  Sandstone  with  a  series  of  thin, cemented 

pebble  lenses  averaging  l/2  inch  to  6  inches 

in  thickness.   The  pebbles  are  rounded,  hard 

black  cherts  principally,  which  average  l/2 

inch  in  diameter.   There  are  rare  pelecypods  15 

15  Massive  pebble  conglomerate;  pebbles  average 

less  than  l/2  inch  diameter,  with  a  few  to  1  inch...  15 

ik     Sandstone  with  pebble  lenses  15 

13  Blue -gray,  tough,  claystone  alternating  with 

fine  to  medi\im-grained  brown  sandstone  (ERS  Foram 

6  taken  of  the  claystone . )  10 

12  Coarse  brown  sandstone  with  lenticular  pebble  beds..   2 

11  Blue -gray,  tough  silt stone  alternating  with  fine- 
grained brown  sandstone 10 

10  Massive,  sandy,  pebble  conglomerate  overlying 

a  cut  surface  of  the  siltstone  below 20 

9  Blue-gray,  clayey  siltstone 25 

8  Sandy,  pebble  conglomerate  with  a  few  small 
pelecypods  and  some  echinoids  ( Anor thos cut um 
oregonense) .   This  is  the  lowest  occurrence  in 

the  section  for  A.  oregonense.   1 

7  Friable,  buff,  massive,  fine-grained  sandstone 
with  a  2-inch  bed  of  A.  oregonense  3  feet  from 
the  base,  and  a  pebble  lense  4  feet  from  the 
base.  27  feet  above  the  base  is  a  2-inch  limy 
bed  of  pelecypods  (Macoma  nasuta,  and  other  thin- 
shelled  forms ) ,  and  A.  oregonense.   22  feet  above 
the  base  is  a  2-inch  limy  bed  of  A.  oregonense. 
At  29  feet  are  a  few  pelecypods  (the  highest 
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seen  in  the  section),   at  67  feet,  77  feet  and 

87  feet  are  thin  lenses  of  Anorthos cutum 

(highest  marine  fossil  seen 107 

6  Massive,  buff -weathering,  fine-grained  sand- 
stone with  lenticular  pebble  streaks  to  k 
inches  thick  in  the  lower  part  which  increase 
in  number  and  size  to  1  foot  thick  every  other 
foot  in  the  upper  part.   The  pebbles  average 
1/2  inch  in  diameter o 65 

5  Sandy,  pebble  conglomerate 8 

k     Buff  sandstone  with  pebble  lenses 30 

3  Claystone  with  considerable  carbonaceous 
material.  A  large  carbonized  stump,  2  feet 
in  diameter  is  inverted  near  the  top 10 

2  Pebble  conglomerate  and  fine-grained  sand- 
stone    ^ 

(Member  (2)  is  the  highest  measurable  unit  in  the 
continuously  exposed  section  on  the  east  bank  of  the 
Eel  River. ) 

1  Predominantly  massive,  buff -brown  weathering 
sandstone  which  is  moderately  clean,  friable 
and  fine-grained.   Thin  pebble  lenses  and  peb- 
ble conglomerate  members  are  occasionally 
interbedded,  and  a  few  thin  claystone s  are 
present.  No  marine  fossils  are  observed. 
This  sandstone  forms  the  sheer  cliffs  of  Scotia 
Bluffs  which  can  best  be  seen  from  Rio  Dell 
along  U.S.  Highway  101.   The  thickness  given 
here  was  figured  along  section  C-C  on  the 
cliff  in  sec.  32,  2N.  IE;  the  slope  of  the  cliff 
is  between  50°  and  60°  from  horizontal,  and  the 
dip  of  the  beds  average  33°,  thus  the  thickness 
of  the  beds  approximates  the  thickness  as 
measured  along  the  cliff  slope;  approximately.  ...  I3OO 
(Due  to  sheer  cliffs  thickness  manned  by  cal- 
culation) . 

Scotia  Bluffs  sandstone,  total    2117 

Carlotta  formation 

(Due  to  structural  features,  heavy  vegetation,  and  lack  of  con- 
tinuous exposures  at  any  one  place,  no  completely  adequate 
type  section  can  be  given.  For  this  reason  estimates  of  total 
thickness  are  only  approximate.  That  which  follows  must  serve 
as  the  best  and  most  complete  section  possible  under  the  cir- 
cumstances. While  not  strictly  along  Eel  River,  it  is  measured 
on  a  continuation  of  the  general  bearing  of  the  Eel  River  Sec- 
tion and  is  measured  normal  to  the  strike  of  the  beds  at  ap- 
proximately the  same  part  of  the  basin.   Reference  to  Section 
C-C'  will  aid  in  the  interpretation  of  the  structural  condi- 
ditions  which  must  be  considered,  although  part  of  the  section 
is  measured  to  the  west  of  this  at  the  Circle  R  Ranch,  and 
part  to  the  east  in  the  Hammond  Tree  farm  area  and  Cuddeback 
Creek  area. ) 
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Circle  R  Ranch  area,  sect.  25,  T.  2  N.  R.  1  W. ,  (near  Metro- 
politan) 

iO  Massive,  hard,  strong  outcropping,  brown,  cobble 
conglomerate.  Psephitic  material  is  2  to  ^  inches 
in  diameter,  rounded  to  sub -angular  cobbles  of 
Franciscan  rock  types,  which  are  bonded  together 
with  clayey  and  ferruginous  material.  Sorting 
as  to  size  is  poor.   This  is  the  lowest  massive 
cobble  conglomerate  in  the  Wildcat  group  and  is 
picked  as  the  base  of  the  Carlotta  on  that  basis. 
It  may  be  seen  at  the  base  of  the  cliff  at  the 
east  end  of  the  Circle  R  Ranch  where  it  overlies 
a  massive  buff  sandstone  picked  as  the  top  of 
the  Scotia  Bluffs  formation  at  this  point.  (The 
contact  is  gradational  and  lateral  variation 
is  such  that  no  time-stratigraphic  boundary  is 

concerned  in  mapping  these  two  units.) 20 

9  Poorly-exposed,  alternating,  pebbly  sandstones 
and  massive  pebble-cobble  conglomerate,  each 

unit  averaging  20  to  30  feet 100 

8  Massive,  brown,  medi'um-grained,  compact  sandstone...  20 
7  Massive,  unsorted,  pebble  to  boulder  conglomerate. 
This  conglomerate  is  bonded  together  with  argil- 
laceous, sandy  material  and  some  ferruginous 
cement  giving  it  a  reddish-brown  color.  The  hard- 
ness of  the  rock  varies  with  the  degree  of  cemen- 
tation; the  upper  20  feet  is  very  resistant  and 
forms  a  strong  outcropping  ledge.  While  the  de- 
bris varies  from  clay  to  boulders  8  inches  in 
diameter,  the  average  size  is  in  the  cobble  range. 
These  fragments  are  rounded  to  sub-angular  Fran- 
ciscan cherts,  sandstones,  basalts,  serpentine, 
and  schists  in  the  larger  sizes,  and  mainly 
rounded  to  sub-rounded  black  cherts,  quartzites 
and  reworked  pre -Franc is can  types  in  the  smaller 

sizes 100 

6  Massive  brown,  medium-grained,  compact  sandstone....  20 
5  Poorly-exposed  and  inaccessible ■ in  part,  but  prin- 
cipally alternating,  massive  sandstones  and  cob- 
ble conglomerates  averaging  20  to  50  feet  in 
thickness.  Variation  of  cementation  causes  an  al- 
ternation of  strong  and  weak  outcropping  ledges. . 

The  aggregate  thickness  approximates 300 

h     Massive,  strong  outcropping,  cobble  conglomerate 

which  forms  the  backbone  of  the  main  ridge 50 


1953]  APPENDIX  115 

Hammond  Lumber  Company  Tree  Farm  area  (sec.  26,  T.  2J ,   R.  3^^ 
and  35,  T.  2  N.  R.  1  E) 

3  Poorly-exposed  and  inaccessible  in  part,  but 
mostly  composed  of  aD.ternating  sandstones  and 
conglomerates  as  in  member  5 200 

2  Pebble -cobble  conglomerates  and  pebbly  sandstones 
alternating  with  blue-gray  claystones.  There  is 
typically  a  gradation  as  follows:  20  to  100  feet 
of  coarse  cobble  conglomerate  grading  up  into 
finer  conglomerate  and  sandstone  and  finally  into 
10  to  30  feet  of  claystone,  than  a  strongly-cut, 
erosional  surface  on  the  claystone  and  a  repeti- 
tion of  the  cycle.   The  claystones  have  abundant 
carbonized  wood  fragments  ranging  in  size  from 
Imm.  to  stumps  1  foot  in  diameter;  lignite  beds 
are  present  and  some  leaf  beds  were  found.  The 
conglomerates  are  unsorted  with  material  ranging 
from  clay  to  occasional  boulders  up  to  8  inches. 
Pebbles  and  cobbles  form  the  greatest  percentage 
of  fragments;  interstitially  there  is  often  a 
sandy  and  clayey  matrix  with  occasional  ferrugin- 
ous cementation.  Much  of  the  conglomerate  is 
loose-to-poorly-compacted,  but  it  forms  steep, 
nearly  vertical  cliffs  as  the  interbedded  clay- 
stones are  eroded  and  undercut.  The  ferruginous 
coating  of  some  of  the  fragments  is  reddish-brown, 
quite  different  from  the  yellow-brown  of  the 
later  gravels.  The  sandstones  are  medium-to- 
coarse  grained,  poorly-sorted,  and  argillaceous. 
Most  of  the  discernible  grains  of  the  sandstones 
and  conglomerates  have  a  'Franciscan  aspect;  red 
cherts,  basalt  and  sandstones  are  typical.  This 
debris  varies  from  angular  to  rounded.  The  ap- 
proximate thickness 1500 

Cuddeback  Creek  area  (sec.  23,  T.  2  N.  IE.) 

1  Massive  dirty,  unsorted,  cobble  conglomerate 

alternating  with  massive,  brown,  fine  to  coarse- 
grained sandstone.  The  beds  show  channeling, 
rapid  gradations,  and  lensing  but  average  between 
10  and  50  feet  in  thickness.  No  claystone  beds 
are  seen,  but  the  only  area  where  this  part  of 
the  section  is  exposed  is  in  nearly  impenetrable 
brush  and  exposures  are  poor.  The  thickness  is 
only  approximate  and  is  subject  to  correction 
because  of  the  difficulties  in  deciphering  the 

structure  near  the  Little  Salmon  Creek  Fault 1000 

3310 

Approximate  thickness ,  Carlotta  formation 3300  ' 
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(This  figure  seems  too  high  in  comparison  with  thickness  es- 
timates to  the  west,  but  with  the  writer's  present  structural 
data  this  would  not  be  a  maximum  in  the  area  where  this  section 
was  measured. ) 

Wildcat  group,  total  thickness 11733 

or,  in  line  with  the  lack  of  accuracy  in 
the  upper  part  of  the  section,  an  ap- 
proximated total  of  12000 ' 

Additional  notes  on  the  section  measured  at  the  base  of  the 

Pullen  formation  on  the  east  bank  of  the  Eel  River  by  Scotia. 
(This  section  is  equivalent  to  the  basal  100  feet  of  the  Pul- 
len measured  on  the  west  bank  but  shows  no  direct  correlation 
of  component  parts.  A  9-foot  gap  of  exposures  between  Yager 
sediments  and  the  lowest  Pullen  sandstone  is  covered  with  al- 
luvial gravels . ) 

1  Fine-grained,  light  gray  to  buff,  compact  sand- 
stone with  clots  of  black  to  dark-gray-green 
Yager  shale .  The  fragments  of  shale  are  angular , 
range  in  size  from  l/8  to  2  Inches,  and  make  up 

70"  percent  of  the  bed 2 

2  Sandy  breccia  made  up  of  angular  fragments  of  Yager 
sandstone  up  to  8  inches  across  with  sand  similar 

to  that  in  (l) 0.8 

3  Sandstone  as  (l)  with  sub-rounded,  greenish- 
black  pebbles  of  Yager  shale 3 

k     Gray,  compact  sandstone  similar  to  (l)  with 

a  few  shale  pebbles 1 

5  Breccia  of  Yager  sandstone  angular  fragments  up 
to  9  inches  in  diameter  set  in  a  matrix  of  pul- 
verized Yager  shale  debris  (similar  to  landslide 
material  seen  on  present  slopes ) 6 

6  Hard,  well-cemented  fine-grained,  gray  to  buff, 
feldspathic  Pullen  sandstone  with  occasional 

chunks  of  Yager  sandstone 7 

7  Breccia-rubble  as  (5)  but  with  numerous  polished 
black,  rounded,  chert  pebbles 3*5 

8  Sandstone  as  in  (l)  with  6  feet  long,  1  inch 

thick  lenses  of  Yager  rubble  in  the  upper  few  feet. 10 

9  Sandstone  as  (6)  with  the  upper  foot  slightly 
glauconit  ic £6 

10  Sub-angular  fragments  of  Yager  sandstone  to  k 

inches  with  shale  fragments  and  rounded  pebbles  ..   0.5 

11  Very  fine-grained,  silty  sandstone  to  end  of  ex- 
posure     lU 

110.8 
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COAST  SECTION 

(Measured  along  coast  from  southern  exposures  of  Pullen  forma- 
tion in  the  I906  slide  area  (sec.  26, T.  2  N.  3  W. )  north  to 
contact  with  unconformably  overlying  Hookton  formation.  Base  of 
Wildcat  group  poorly  exposed  because  of  large  slide;  upper  part 
not  present  because  of  overlapping  by  the  Hookton.) 

Hookton  formation  (top  to  bottom) 

Approximately  ^20  feet  of  ocherous,  orange -brown, 
poorly  consolidated,  medium  to  coarse-grained  sand- 
stones and  pebble  conglomerates.  The  beds  are  a 
few  inches  thick  to  over  20  feet  thick,  locally 
strongly  cross -bedded,  and  somewhat  lenticular. 
The  grains  are  individually  coated  with  iron 
oxides.  This  unit  overlies  the  Wildcat  group  with 
an  angular  unconformity. 

WILDCAT  GROUP 

Rio  Dell  formation  (U72O') 

Upper  member  2620 ' 

570 '   mainly  massive  mudstone  with  some  interbedded, 
gray  siltstone;  occasional  thin  limy  layers  and 
a  few  2-inch  friable  fine-grained  sandstones  in- 
dicate bedding.  Pecten  caurinus  is  common  and  a 
few  forams  are  present. 

250 '   phantom-banded,  thin,  alternating  siltstones 
and  mudstones  except  for  the  upper  15  feet  of 
section  which  contains  several  U-inch  to  2-foot 
fine  grained  sandstones.  Numerous  molluscs  are 
present,  especially  P.  ca-urinus.  (Hughes  noted 
some  brackish  water  forams  and  carbonized  wood 
fragments  in  this  upper  sand  and  picked  it  as 
the  base  of  his  Ferndale  sandstone.) 

600 '   massive  mudstone  without  megafossils  except  for 

a  bed  of  large  mud  pectens  (Pseudoamusium  n.  sp.), 
200'  above  the  base.  Forams  characteristic  of 
the  "upper  Pico,"  (Gaudryina  triangularis,  Cassi- 
dulina  calif ornica)  are  common. 
1200'   phantom-banded,  alternating  mudstones  and  silt- 
stones;  the  average  thickness  of  each  is  5  "to 
10  inches.  I50  feet  below  the  top  is  a  10-inch 
off-white,  impure,  rhyolite  ash  bed.  Pelecypods 
are  common;  220  feet  below  the  top  is  a  4- inch 
limy  bed  of  P.  Caurinus,  and  another  750  feet 
below  the  top.  Some  "upper  Pico"  forams  are 
present.  330  feet  above  the  base  is  a  1-foot 
siltstone  containing  clots  of  glauconite  to  \/h 
inch  (the  only  glauconite  above  the  Eel  River  for- 
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mation) '  associated  are  some  limy  concretions  and 
carbonized  wood  fragments .'  There  are  a  few  thin 
sandstones  near  the  base.  At  the  base  is  a  6-foot 
tough  siltstone  containing  abundant  white-gray  worm 
tubes  (Bathysiphon?) ,  \/h   inches  in  diameter  by 
3  inches  long;  this  overlies  a  massive,  brittle, 
diatomaceous ,  light  gray  mudstone  on  an  irregular 
cut  surface  (diastem  or  minor  disconformity?) . 
There  are  a  few  thin  sands  in  the  troughs  of  the 
cut  surface. 

Middle  member  900 ' 


100'  hard,  brittle,  diatomaceous  mudstone  with  a  few 
thin  sandstones.  At  the  base  of  this  member  is 
1  foot  of  laminated  diatomaceous  shale  with 
white  laminae  of  diatom  concentrations. 

800 '  alternating,  rhythmically  bedded,  fine-grained, 
friable,  gray  sandstones  averaging  2  to  4  inches 
and  sjltstones  averaging  h   inches  to  3  feet  thick. 
The  sands  average  20  percent  of  the  section  in 
the  upper  part,  50  percent  in  the  middle  part, 
and  20  percent  in  the  lower  part.  The  siltstone 
beds  are  more  resistant  than  the  sands  in  the 
beach  cliff.   The  base  is  picked  at  the  lowest 
of  the  6-inch  alternating  sands;  the  contact  with 
the  lowtr  member  is  gradational.  A  few  "middle  Pico" 
forams  are  present  (Bolivina  spisea,  Bolivina 
robusta,  and  Uvigerina  peregrina) . 

Lower  member  1200 ' 

^00'  siltstone  with  thin  2-inch  sandstones  every  6 
feet  to  10  feet  of  siltstone;  part  of  this  is 
poorly  exposed  due  to  slumping. 

400 '  alternating  fine-grained,  friable,  gray  sand- 
stones and  siltstones.  The  upper  50  feet  has 
several  sandstones  to  8  inches  and  some  limy 
nodules;  the  middle  300  feet  has  2  inch  sands 
alternating  with  6  to  8  inches  of  siltstone; 
the  lower  50  feet  has  numerous  sandstones  from 
8  inches  to  2  feet  in  thickness  and  fonns  a  re- 
sistant outcrop.  "Lower  Pico"  forams  are  common 
(Buliraina  subacuminata,  U.  peregrina). 

300  **  alternating  2-inch  sandstones  and  2-foot  silt- 
stones. 

100'  siltstone  with  rare  sandstones;  the  lower  2 

feet  of  siltstone  is  glauconitic  and  contains 
carbonized  wood  fragments.  The  basal  2  inches 
is  dark  green,  glauconitic  sand  which  overlies 
and  truncates    an  irregular  cut  surface  the 
interbedded  sandstones,  limestones,  and  silt- 
stones  of  the  Eel  River  formation.  The  angle 
of  discordance  is  small,  being  about  5°j  this 
contact  is  an  important  unconformity  on  the 
basis  of  lithologic  and  faunal  evidence. 
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Eel  River  formation  (820') 

370'  gray  to  "brownish -gray  silt  stone -muds  tones  with 
,jnerous  thin,  2  to  ^  inches,  friable,  gray 
sandstones.  There  is  one  glauconitic  sand,  k 
inches  thick  3  feet  below  the  unconformity 
and  numerous  orange -weathering  limy  sandstones 
are  present.  Part  of  this  member  is  poorly 
exposed  due  to  slumping. 
80  '  several  sandstones  k   to  20  feet  thick  inter- 
bedded  with  si It stone.  The  sands  are  fine- 
grained, feldspathic,  and  locally  calcareous. 

300'  siltstone,  tough  mudstone  and  a  few  thin  fri- 
able sandstones.  The  mudstone  weathers  with 
a  brown-gray  fracture  surface  and  may  be  some- 
what glauconitic.  "Repetto"  forams  are  common 
(Plectofrondicularia  californica,  Bulimina 
subcalva) . 
70'  tough  to  brittle,  ashy,  diatomaceous ,  gray  silt- 
stone,  ash  beds,  and  basal  glauconite  sandstone 
beds.  At  the  top  is  a  2-inch  pixre,  white,  rhy- 
olite  ash  bed  grading  up  into  2  feet  of  impure 
sandy  ash;  35  feet  above  the  base  is  a  2-inch 
white,  pure  ash  bed;  20  feet  above  the  base  is 
a  6-foot  dark  green,  hard,  glauconite  sand- 
stone with  numerous  large  borings  and  carbon- 
ized wood  -fragments;  6  feet  below  this  is  a 
2-foot  glauconite  sand;  and  the  base  is  picked 
at  a  1-  to  3 -foot  glauconitic,  conglomeratic 
sandstone  which  contains  clots  of  angular  to 
slightly  rounded  orange  limestone  cobbles  to 
8  inches  and  small  rounded  pebbles.  The  lower 
surface  is  somewhat  irregular;  it  is  believed 
to  be  a  dis conformable  contact. 

Pullen  formation  (800') 

200'  the  upper  50  feet  contain  several  2-inch  glau- 
conitic sandstones;  the  rest  of  this  exposed 
member  is  massive,  tough  to  brittle,  ashy,  dia- 
tomaceous, light  gray  to  buff  siltstone  and 
mudstone. 

600 '  the  formation  below  this  upper  200  feet  is  all 

part  of  the  great  slump  of  I906  in  the  coast  sec- 
tion. None  of  it  is  in  place  although  some  of 
the  strati graphic  relations  are  apparent  due  to 
the  slump  rotating  as  a  mass;  approximately  the 
lower  200  feet  are  obscured  including  the  basal 
contact.  The  upper  400  feet(?)  is  buff -white  when 
weathered,  brittle,  hard  and  diatomaceous.  The 
lower  part  is  dark  gray  mudstone  with  a  rusty 
fracture  coating.  There  are  a  few  thin  glaucon- 
itic sandstones  and  some  thin  ash  beds.  Numerous 
orange  limestone  nodules  are  present.  Forams  are 
rare;  many  of  the  ones  identified  have  both  Plio- 
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cene  and  upper  Miocene  affinities.  The  contact 
with  the  rocks  of  the  False  Cape  shear  zone  is 
not  exposed  but  it  is  presumed  to  be  a  fault 
which  has  had  little  effect  on  the  thickness  of 
the  Pullen  formation. 

False  Cape  shear  zone 

fault  contact  with  the  Pullen  formation.  The 
rocks  of  the  shear  zone  include  sheared  sand- 
stones, basalts,  cherts,  pulverized  shales  and 
a  few  fragments  of  Pliocene  limestone. 

WILDCAT  RIDGE  SECTION 

(Measurement  started  at  the  Pullen-Yager  contact  at  intersec- 
tion of  Wildcat  Ridge  road  and  Bear  River  Ridge  road  in  sec. 
34,  T.  2  N.  R.  2  W.  and  continued  along  Wildcat  Ridge  road 
to  intersection  of  this  road  with  the  Centerville  Beach  road 
near  Ferndale  (sec.  11,  T.  2  N.  R.  2  W.).  Exposures  poor  along 
many  parts  of  road  and  much  of  soft  Pliocene  material  is  deep- 
ly weathered.  Upper  part  of  Carlotta  formation  not  exposed. ) 

WILDCAT  GROUP 

Carlotta  formation  (l620') 
Top  not  exposed. 

300 '  massive,  friable,  poorly  consolidated,  tan-brown, 
fine  grained  to  medium-grained,  feldspathic  sand- 
stone with  occasional  slight  indications  of  bed- 
ding due  to  vertical  size  and  porosity  variations. 
There  are  occasional  streaks  of  mudstone  pebbles 
(reworked  Wildcat  mudstone).  I50  feet  below  the 
top  is  a  2-foot  lenticular  bed  of  silty,  sandy, 
cobble  conglomerate. 

200'  exposures  poor,  but  mainly  soft,  fine-grained, 
silty  sandstone  beds  alternating  with  5-  "to  10- 
foot  beds  of  loose,  pebble  and  cobble  conglomer- 
ate; there  is  a  strong  outcropping  conglomerate, 
15  feet  thick  at  the  base. 

100'  approx.  thickness  of  poorly  exposed,  soft  gray  silt- 
stone  and  claystone  with  a  soft  sand  at  the  base. 
50 '  loose,  pebble  to  cobble  conglomerate  and  pebbly  sand- 
stone. A  few  fragments  are  small  boulders;  all  of 
the  fragments  are  Franciscan  cherts,  graywackes, 
basalts,  and  because  of  the  resistance  to  weather- 
ing of  these  components  this  bed  makes  a  strong 
ridge. 

300 '  slumped  material,  principally  soft  siltstone,  clay- 
stone,  and  friable  sandstone. 
50 '  massive  tan,  friable,  fine-grained  sandstone  except 

for  the  upper  10  feet  of  thin-bedded  sandstones,  aver- 
aging 1  inch  alternating  with  l/2  inch  dark  gray  shales, 
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There  are  a  few  l/4  inch  layers  of  rounded,  carbonized 
wood  fragments  in  the  alternating  sandstones. 
350 '  massive,  strong  outcropping,  unsorted,  sandy,  brown, 
poorly  consolidated,  cobble  conglomerate  containing 
a  few  lenses  of  dirty  tan  sandstone,  and  a  50-foo't 
pebbly  sandstone  75  feet  above  the  base.  The  con- 
glomerate shows  all  grain  sizes  from  clay  to  small 
boulders;  is  mostly  Franciscan  debris  (identifiable 
sizes);  and  has  rounded  to  angular  pebbles  and  cob- 
bles which  are  bonded  together  to  a  slight  extent  by 
clay  and  ferruginous  cement. 
100'  upper  part  is  buff -tan,  friable,  fine-grained,  feld- 
spathic  sandstone  with  a  streak  of  siltstone  pebbles 
near  the  top;  the  lower  part  is  poorly  exposed  fine 
silty  sand. 
7'  light-gray  to  off-white,  impiire  ash  with  silt-size 
ash  beds  laminated  with  clay-size  ash  in  the  upper 
1  foot. 

93'  fine-grained,  friable,  buff  sandstone. 

20'  blue-gray,  carbonaceous  siltstone. 

50'  massive,  unsorted,  cobble  conglomerate,  as  previously 
described;  this  bed  forms  a  strong  outcrop  due  to  the 
resistance  of  the  component  cobbles.  This  is  mapped 
as  the  base  of  the  Carlotta  formation;  the  contact 
is  gradational. 

Scotia  Bluffs  sandstone  (186O') 

300 '  massive,  friable,  buff -weathering,  clean,  well- 
sorted,  fine-grained,  feldspathic  sandstone. 
This  sandstone  forms  cliffs  and  makes  strong 
outcrops  indicating  a  certain  amount  of  in- 
duration. Local  ferruginous  cementation  forms 
red-brown  concretionary  lenses.  The  only  true 
indication  of  bedding  is  a  slight  shadowy 
banding  due  to  a  slight  vertical  variation  in 
grain  size.  In  the  middle  part  are  several 
pebble  streaks  and  2-inch  beds  of  polished 
black  chert  pebbles.  No  fossils  are  present 
in  this  or  other  beds  above. 

200'   poorly  exposed  siltstone  at  the  base,  grading 
up  into  alternating  siltstone  and  silty  sand- 
stone and  fine,  friable,  soft  sandstone  with 
clots  and  pebbles  of  siltstone  in  the  upper 
part. 
60'   massive,  buff  sandstone  near  the  base  grading 
up  into  silty,  fine  sand.  Numerous  slump  ef- 
fects, (depositional  featiires),  include:  ir- 
regular lenses  of  rounded  chert  pebbles  and 
siltstone  clots  at  variance  with  the  bedding, 
and  masses  of  sandstone  at  variance  with  the 
bedding.  Some  molluscs  are  present  (the  high- 
est marine  fossils  in  the  section). 
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500'   upper  200'  is  massive,  strong  outcropping, 

buff -weathering,  compact,  fine-grained  sand- 
stone with  occasional  thin,  1/4  inch  thick, 
silty  partings.  The  middle  I50  feet  is  alter- 
nating sandstones,  1  to  5  feet  thick,  and  silt- 
stones,  1  inch  to  1  foot  thick.  The  lower 
150  feet  is  massive,  strong  outcropping,  buff 
sandstone  with  1  to  5-inch  siltstone  beds  at 
5-foot  intervals. 

400 '   poorly  exposed;  principally  siltstone  and 

mudstone  with  some  minor  sands;  contains  some 
forams,  "upper  Pico"  types. 

400 '   the  upper  I50  feet  is  massive,  fine-grained, 
buff -weathering  sandstones  alternating  with 
thinner  sandy  siltstones  and  silty  sandstones. 
The  sands  range  from  10  to  25  feet  thick. 
Pec ten  caurinus  and  Cerastoderma  meekianum 
are  common.  The  middle  I50  feet  has  alter- 
nating 1-foot  silty  fine-grained  sandstones 
and  1-foot  gray  siltstones.  Pecten  caurinus 
is  common.  The  lower  100  feet  is  massive, 
buff -weathering,  fine-grained  sandstone  with 
numerous  silty  1/2  inch  partings  at  1  to  10 
foot  intervals . 

Rio  Dell  formation  (361O') 

1400 '   poorly  exposed;  principally  massive,  spher- 
oidal-weathering, dark  gray  mudstone  and  some 
phantom-banded  siltstone  arid  mudstone.  The 
lower  part  is  more  silty.  200  feet  above  the 
base  is  1  foot  of  diatomaceous  mudstone  with 
thin,  white  laminae  of  diatomite. 

500 '   alternating,  thin,  k   to  1  ;-inch  sandstones 
and  2  to  6-inch  siltstones.  I5O  feet  from 
the  top  is  50  feet  of  light  gray  to  off- 
white,  weathered  diatomr.ceous  siltstone  and 
thin,  gray-white,  papery,  diatomaceous  shale 
with  some  white  laminae  of  diatomite. 

250 '   poorly  exposed  massive  siltstone  with  common 
molluscs,  especially  P.  caurinus .   Some  large 
orange  limestone  nodules  are  2  feet  in  dia- 
meter. 

600 '   poorly  exposed;  predominantly  siltstone  with 
thin  sandstones  at  5  "to  10-foot  intervals. 
Contains  some  "Pico"  forams:  especially 
Uvigerina  peregrina  and  Bulimina  subacuminata. 
At  the  base  is  a  2-foot  sandstone  deposited 
on  an  irregular,  cut  surface  of  dark  gray 
mudstone  (diastem  of  uncertain  importance). 

500 '   poorly  exposed  buff -weathering  siltstones 
with  a  few  thin  sandstones. 
60 '   alternating,  fine-grained,  compact  sandstones, 
ranging  from  6  inches  to  8  feet  in  thickness. 
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and  siltstones  averaging  6  inches  to  one  foot 
thick.  There  are  nianerous  irregular  ferruginous 
concretionary  masses  in  the  sandstones. 
300'   poorly  exposed  slltstone  except  for  a  50- 
foot  soft  sand  200  feet  below  the  top.  (The 
"base  of  the  Rio  Dell  is  placed  tentatively 
at  the  bottom  of  this  silt stone  member.  No 
definite  point  can  be  established  but  the  im- 
portant change  in  strike  of  the  beds  below 
and  faunal  evidence  indicate  that  this  is  ap- 
proximately the  base.   The  unconformity  ex- 
posed at  the  coast  is  either  lacking  distinc- 
tive features  or  is  obscured. 

Eel  River  formation  (600') 

600 '   principally  massive,  nodular -weathering,  tough, 
dark  gray  mudstone  in  the  upper  part  becoming 
more  silty  in  the  lower  part.  There  are  a 
few  thin  sandstones  and  a  20-foot  series  of 
alternating  sandstones  and  mudstones  at  the 
top.  The  exposures  are  poor  in  much  of  the 
section  and  the  siltstones  are  often  deeply 
weathered  buff  to  rusty  brown.  "Repetto" 
forams  (Sulimina  subcalva,  Eponides  tenera, 
and  Plectofrondicularia  calif ornica) ,are 
present.  The  thickness  is  somewhat  uncertain 
due  to  the  lack  of  good  exposures.  At  the 
base  is  a  3-  to  7-foot  brown,  fine-grained 
sandstone  with  3  inches  of  glauconite  sand  at 
its  base.  Associated  with  the  glauconite  are 
small,  rounded,  chert  pebbles  and  some  l/2 
inch  rounded  pebbles  of  gray  diatomaceous  silt- 
stone.  This  sand  appears  to  be  deposited  on 
an  irregular  surface  of  diatomaceous  buff 
siltstone.  This  sand  is  established  as  the 
base  of  the  Eel  River  formation.  In  the  road 
cut  it  is  offset  by  numerous  small  faults. 

Pullen  formation  (600') 

600  '  principally  weathered,  creamy -buff,  brittle, 
diatomaceous  siltstone  with  a  few  thin  feld- 
spathic  sandstones  in  the  upper  part.  There 
is  a  one  1-foot  sand  20  feet  below  the  top.  In 
the  lower  part  the  siltstone  has  a  rusty  color 
on  fracture  surfaces  and  several  thin  glaucon- 
itic  sandstones  are  exposed.  These  sands  have 
been  leached  and  altered  to  a  limonite  gossan. 
A  few  ashy  beds  are  present.  The  base  is  not 
clearly  exposed  but  exposures  in  a  3 -foot  road 
cut  of  Pullen  and  Yager  can  be  traced  to  within 
5  feet  of  each  other.  No  evidence  of  faulting 
exists  and  no  basal  sands  are  present.  The 
Pullen  is  believed  to  overlie  the  Yager  uncon- 
formably  on  the  basis  of  attitudes. 
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Yager  formation 

Not  measured;  olive  drab  shale  and  biotitic 
graywacke . 

PRICE  CREEK  SECTION 

(Section  measured  from  base  of  Pullen  formation  in  contact 
with  the  Yager  near  Pullen  farmhouse.  Point  is  near  a  south 
branch  of  Price  C^eek  and  near  great  bend  in  Price  Creek  in 
sec.  5^  T.  IN.  R.  1  W.  Highest  stratigraphic  beds  included 
are  those  immediately  underlying  Scotia  Bluffs  sandstone  which 
crosses  Price  Creek  near  Weymouth  Inn,  sec.  27,  T.  2  No  R.  1  W. 
Scotia  Bluffs  sandstone  is  not  included  in  the  section  because 
it  is  poorly  exposed. 

WILDCAT  GROUP  (top  to  bottom),  Scotia  Bluffs  sandstone 

unmeasiu^ed,  base  is  picked  as  a  buff -weather- 
ing sandstone;  the  sandstone  contains  a  few 
molluscs,  is  friable,  soft,  and  greater  than 
150  feet  thick. 

Rio  Dell  formation  (60OO') 

TOO'   alternating  very  fine-grained,  silty  sand- 
stones and  mudstones,  and  some  siltstone -mud- 
stone  phantom-banded  alternations;  some  sands 
to  3  feet  thick;  dips  very  steep  to  overturned 
leading  to  some  doubt  as  to  thickness. 
1900 '  massive  dark  gray  mudstone  members,  and  some 
phantom -banded  alternations;  occasional  limy 
sandstones  and  a  few  thin,  friable,  fine- 
grained sandstones . 

800 '  alternating  sandstones  and  mudstones;  average 
2-  to  4-inch  sands  and  h-  to  8-inch  mudstones 
(rhythmic);  a  few  thin  limestones. 

200'  massive  mudstone  with  a  few  thin  alternating 
sandstones  near  the  base. 

500 '   massive,  spheroidal  weathering,  dark  gray  mud- 
stone. 

100'  alternating  friable,  fine-grained,  silty,  gray 
sandstones  and  mudstones;  in  the  lower  part 
the  sands  average  2  to  3  feet  thick  while  the 
mudstones  are  6  to  I8  inches  thick;  in  the 
upper  part  there  are  two  thick  sands,  one 
10  feet  and  one  8  feet. 
50'  massive  mudstone. 

100'   alternating  sandstones,  averaging  1  to  3  feet, 
and  siltstones,  averaging  1  to  6  feet. 

450 '  alternating  thin  sandstones  and  mudstones  or 
siltstones;  the  fine-grained,  friable  sand- 
stones average  6  inches  to  every  5  feet  of 
mudstone,  a  few  are  2  feet  thick. 
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1200'  massive,  spheroidal  weathering,  dark  gray 

mudstone  except  for  a  few  thin,  fine-grained, 
gray  sandstones  averaging  2  inches  thick. 

Eel  River  formation  (1700') 

1630^  massive,  dark  gray,  tough  siltstones,  mud- 
stones,  and  occasional  glauconitic  sandstones. 
The  mudstones  are  often  glauconitic  and  weather 
with  a  rusty-brown  stain  on  fractures;  they 
contain  occasional  forams.  At  least  nine 
prominent  glauconitic,  tough,  tight,  silty, 
sometimes  limy,  fine  to  medium-grained  sand- 
stones are  present;  glauconite  varies  from 
10  percent  to  70  percent  of  the  total  volume 
and  the  color  varies  from  green-black  to 
greenish-gray  or  rusty  brown  when  weathered. 
The  sandstones  vary  from  3  "to  30  feet  thick; 
the  highest  of  these  is  picked  as  the  top  of 
this  iinit.  There  are  a  few,  thin,  friable, 
non-glauconitic  sands. 
70 '   glauconitic  sandstone  and  a  lenticular  con- 
glomerate. The  section  includes  a  basal  35 
feet  of  fine  to  medium- grained,  glauconitic, 
greenish-gray,  compact  sandstone,  2  feet  of 
lenticular  conglomerate  made  up  of  cobbles  of 
orange -weathered  limestone,  and  fine  rounded 
pebbles,  5  feet  coarse,  glauconitic  sand- 
stone, 1  foot  of  sandstone  with  borings,  and 
27  feet  of  glauconitic  sandstone  (as  previous). 

Pullen  formation  (9^0') 

750 '   massive,  dark  gray-black  (when  fresh),  brit- 
tle, occasionally  diatomaceous ,  mudstone  with 
abundant  forams  locally;  weathers  with  a  rusty- 
brown  fracture  coating.  Some  small  mud  pectens 
(p.  pedroanus  ?).   There  are  occasional  glau- 
conitic siltstones.  The  section  is  not  com- 
pletely exposed.  Mohnian  forams  are  present 
in  the  lower  3OO  feet. 
50'  massive,  buff  to  dirty  white,  rusty  streaked, 
compact,  fine-grained,  feldspathic  sandstone; 
this  sandstone  is  high  in  quartz  and  feld- 
spar, and  low  in  ferro-magnesians.  Contains 
a  few  pelecypod  casts.  This  sand  is  equiva- 
lent to  the  basal  Pullen  sandstone  at  Eel 
River.  The  sandstone  is  here  more  friable 
and  clean.  Exposures  are  incomplete  and  the 
thickness  is  not  accurate. 
150 '   sandy  gray  siltstone  with  some  mudstone  con- 
taining Mohnian  foraminifera. 

Base  not  exposed,  50-foo't  gap  in  exposiires 
between  the  lowest  Pullen  and  the  highest 
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Yager.  The  contact  is  believed  to  be  an 
angular  unconformity. 

Yager  formation 

Unmeasured  thickness  of  hard  graywacke  and 
shale. 

SECTION  FROM  THE  TEXAS  COMPANY 

"EUREKA"  1,  TABLE  BLUFF 

(Well  drilled  193^-35;  data  furnished  by  Mrs.  Margaret  Moot-e 
Hughes;  summary  below  is  writer's  interpretation  of  notes 
taken  dioring  the  drilling  of  the  well  by  Donald  Hughes.  Thick- 
nesses are  true,  because  of  dip  of  beds,  but  dips  were  low 
enough  so  that  error  is  small.) 


WILDCAT  GROUP,  Carlotta-Scotia  Bluffs  undifferentiated  (8l2'?) 

250 '   green-gray,  fine  to  coarse,  unconsoli- 
dated, often  iron  oxide  stained,  dirty 
sandstone;  soft,  gray  silts-tones  and 
claystones;  and  occasional  conglomerate 
lenses.  The  contact  with  the  overlying 
Hookton  is  vague  and  this  thickness  is 
approximate . 
h60'      gray,  fine-grained,  friable,  feldspathic 
sandstone  except  for  a  6-foot  gray 
slltstone  at  the  top,  and  occasional  con- 
glomerates. There  are  a  total  of  11  conglomer- 
ates which  average  1  to  4  feet  in  thickness; 
most  of  the  pebbles  are  rounded,  hard  cherts, 
basalts  and  other  Franciscan  types,  which 
average  l/2  to  l/k   inches  in  diameter,  with  a 
few  beds  ranging  to  small  cobbles.  Fragments 
of  poorly  preserved  molluscs  and  pieces  of 
carbonized  wood  are  locally  abundant  in  the 
sandstone. 

i+O  '   gray,  compact  siltstone. 

62'  massive,  gray,  friable  sandstone  becoming  very 
fine-grained  near  the  base;  contains  several 
pebble  "streaks",  a  few  molluscs,  and  a  layer 
of  very  abundant  echinoids  ( Anor t hos  cut urn 
oregonense ) ,  near  the  base. 

Rio  pell  formation  (3837') 

602 '   gray,  compact  siltstone  interbedded  with  some 
very  fine-grained,  gray,  compact  silty  sand- 
stones; a  few  forams  are  present;  Elphidium 
oregonense,  Elphidium  hughesi,  and  Globigerina 
bulloides;  probable  "upper  Pico"  correlation. 
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1^85 '   mudstone  and  siltstone  with  mudstone  more  com- 
mon in  the  upper  part;  a  few  thin,  friable 
sandstones.  Probably  "upper  Pico",  (Hughes). 

35^'   section  continues  as  above;  forais  present  in- 
dicate correlation  with  "middle  Pico,"  (Hughes). 

307'   section  continues  as  above;  forams  are  "lower 
Pico"  types  such  as  Bulimina  subacumlnata . 

893'   mudstones  alternating  with  numerous,  fine- 
grained, friable  or  compact,  gray  sandstones; 
many  are  1  or  2  feet  thick  and  fairly  well- 
sorted;  a  sandstone  at  kk   feet  above  the  base 
has  numerous  thin  layers  of  lignitic  material. 
There  are  a  few  thin,  white,  ashy  streaks  5OO 
feet  above  the  base.  "Lower  Pico"  forams  are 
present  (B.  subacumlnata) . 

Eel  River  formation  (and  partly?)  Pullen  formation  (ll^^') 
509'   mudstone  and  siltstone  with  a  rare  thin  sand- 
stone. 9^  feet  from  the  top  is  abundant  car- 
bonaceous material;  occasional  mollusc  frag- 
ments are  present,  and  some  good  "Repetto" 
forams  are  identifiable  although  many  are 
leached  out.  Some  of  the  mudstones  are  glau- 
conitic  (in  1950  some  of  these  glauconitic 
cores  had  a  brown  iron  oxide  stain  due  to  the 
weathering  of  the  cores  within  a  core  house 
for  15  years).  Forams  below  the  upper  200 
feet  of  this  member  bear  a  close  resemblance 
to  the  assemblage  below  the  "lower  Pico- 
Repetto"  contact  in  the  coast  section  (Hughes). 
Plectofrondicularia  calif ornica,  Bulimina  in- 
flata,  and  Cassidulina  californica  are  pres- 
ent 250  feet  from  the  base. 
k2k'     hard,  compact,  rather  brittle,  dark  gray  mud- 
stone which  is  massive  and  somewhat  fractured; 
there  are  a  few  mollusc  fragments  and  an 
echinoid  petal  100  feet  from  the  top  (perhaps 
Brizaster  sp .  or  Schizaster  stalderi  ? ) . 
Forams  are  rare  and  poorly  preserved;  Bolivi- 
nita  quadrata  near  the  base.  The  lower  30  feet 
is  somewhat  silty  and  a  few  thin  sandstones 
are  present. 
222'   predominantly  sandstone:  the  upper  80  feet  is 
fine  to  medium- grained,  dark  greenish-gray, 
glauconitic,  poorly  sorted,  rather  hard  sand- 
stone; a  few  feet  of  sandstone  is  less  well- 
cemented  and  shows  cuts  of  petroleum.  The 
middle  part,  76  feet,  is  massive,  friable, 
very  fine-grained,  silty,  gray  sandstone  with 
occasional  limy  layers.  The  lower  66   feet  is 
hard,  slightly  glauconitic,  fine  to  medium 
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sandstone  with  a  few  hard  siltstone  members. 
Hughes  reported  Haplophragmoldes ,  and  Cyclam- 
mina  sp.  from  a  siltstone  kb   feet  above  the 
base  "(he  lists  these  two  forms  from  the  Pullen 
formation  in  the  coast  section).  This  is  the 
basal  member  of  the  Wildcat  group  observed  in 
the  well. 

Yager  formation 

Underlying  the  Wildcat  group  is  185  feet  of 
Yager,  part  of  an  unmeasured  thickness  of  hard 
graywacke  with  numerous  calcite  veins  and  shale 
pebbles. 

GENERALIZED  SECTION  IN  THE  FRESHWATER  CREEK 

UPPER  ELK  RIVER  AREA 

(Section  represents  composite  of  details  from  various  expo- 
sures and  sections). 

WILDCAT  UNDIFFERENTIATED  (principally  upper  Pliocene) 

800 '  maximum  thickness,  usually  not  over  5OO 
feet  of  section;  mostly  gray  siltstone 
and  mudstone  with  occasional  sandstones. 
The  section  varies  greatly  even  in  local 
areas.  A  basal  conglomerate  is  common; 
the  fragments  vary  from  small  rounded 
pebbles  to  boulders  of  schist  over  30 
feet  in  largest  dimension,  Glauconitic 
sandstone  is  sometimes  present  at  the 
base.  Pholas  borings  sometimes  are 
found  in  the  huge  schist  boulders  or  in 
the  underlying  Yager  sandstones.  Some 
pelecypods  are  present  at  or  near  the 
base;  near  the  upper  north  fork  of  Elk 
River  are  abundant  Glycimeris  subobso- 
leta  and  some  Pecten  caurinus;  in  Fresh- 
water Creek,  at  the  north  edge  of  the 
Fortuna  Quad. ,  are  numerous  Securella 
staleyi  and  Cerastoderma  meekianum. 
Forams  are  mostly  middle  to  upper  "Pico" 
types.  A  few  samples  taken  at  the  base 
of  the  exposed  Pliocene  in  the  upper 
Elk  River  area  have  contained  forams  of 
"Repetto"  type.  Most  of  the  Wildcat 
(undifferentiated)  in  this  area  is 
deeply  weathered  and  poorly  exposed. 
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